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VII.  LOCKHEED  AH-56A  DERIVATIVES  AHD  TRANSFER  FUNCTIONS 


For  brevity,  this  section  describes  only  those  features  of  the 
AH-56A  derivative  and  transfer  function  print-out  which  differ  from  the 
corresponding  printouts  for  the  S-58  given  in  Part  VI,  It  ie 
therefore  essential  for  the  reader  to  at  least  skim  through  Part  VI 
before  reading  further. 

Derivatives,  residues,  eigenvectors,  and  transfer  functions 
were  calculated  for  the  AH-56X  in  the  flight  conditions  indicated  below. 
As  with  the  S-56,  V-^.  is  the  total  airspeed,  not  the  horizontal 
component. 


TABLE  I 

AH-56A  FLIGHT  CONDITIONS 

0 

20 

40 

^0 

100 

Rate  of 

9.6 

•  4 

9.6 

9*6 

9.6 

9.6 

Descent 

19*2 

19.2 

19.2 

19-2 

19.2  | 

fpa 

28.8 

28.8 

28.8 

28.8 

28.8 

AH-56A  FLIGHT 

CONDITIONS; 

SPEED  AND  DESCENT  ANGLE  | 

Knots 

0 

20 

1*0 

60 

100 

Descent 

1 

VO 

0 

-16.5 

-8.05 

-5.41 

-3.25 

Angle 

-90 

-35.5 

-16.5 

-10.9 

-6.52 

Degrees 

-90 

-56.3 

-25.1 

-16.6 

-9.81 
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This  Part  presents  derivatives  for  all  the  above  flight 
conditions.  In  addition, the  28.8-fps  vertical  descent  case  and  the 
UO“knot  case  at  the  same  descent  rate  (7  =  -  25.1  degrees)  were  re-run 
without  the  cyclic  variation  of  tip  losses.  Space  limitations 
precluded  a  full  presentation  of  all  the  transfer  functions,  residues, 
and  eigenvectors  for  all  of  these  cases  •  Therefore,  only  the  following 
data  are  presented  here. 

(1)  Derivatives  for  all  the  above  flight  conditions 

(2)  Transfer  function  numerators  relating  u,  v,  w,  p,  q, 
and  r  (measured  in  stability  axes)  to  all  control  inputs 
for  speeds  of  0,  20,  40,  60,  and  100  knots  in  level 
flight  and  at  28.8  fps  rate  of  descent.  The  control 
inputs  include  longitudinal  and  lateral  cyclic  pitch, 
main  rotor  collective  pitch,  tail  rotor  collective  pitch, 
and  collective  pitch  of  the  pusher  propeller. 

(3)  Eigenvalues  (transfer  function  denominator  roots)  for 
the  above  flight  conditions.  Eigenvalues  for  the 
remaining  flight  condition,  are  included  in  Chapter  VIII, 
Table  XXII,  which  compares  all  the  eigenvalues. 


Residues  and  eigenvectors  of  particular  significance  are  given  in 
Chapter  VIII,  but  none  are  included  in  this  Part,  although  all  the 
residues  were  calculated  at  each  flight  condition. 


Explanation  of  the  Print-Out  Format 

The  print-out  format  is  identical  to  that  of  Part  VII  with 
the  following  exception : 

The  controls  are  denoted  as  follows: 

C(1)  =  0Q  =  main  rotor  collective  pitch,  radians 

C(2)  =  B.  =  longitudinal  cyclic  pitch,  radians 

I  s 

C(3)  =  A1g  =  lateral  cyclic  pitch,  radians 

C(4)  =  9otr  =  tail  rotor  collective  pitch,  radians 

C(5)  =  0Qp  =  pusher  propeller  collective  pitch,  radians 

The  trimmed  iteration  column  vector,  as  for  the  S-58,  contains 
C(  1 ) ,  C(2),  C(3),  C(*0 ,  ©,  and  $  in  that  order. 

Note  that  the  comment  of  Part  VI  regarding  the  root-locus 
gains  also  applies  to  the  AH-56A  data  of  this  Part. 
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X<  1)-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1548+02 
BODE  GAIN  «  - , 1284*04 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2C89-06 

.0000 

-, 3325-00 

.0000 

-.1013+00 

,0000 

-.1029-00 

,7536-00 

-,1029-00 

-.7536-00 

-,8066+01 

,0000 

-.1035+01 

.3581+01 

-.1035+01 

-.3581+01 

,0000 

.0000 

,0000 

.0000 

7 


X(  ?)-T0-C(  2)  MUSF.ftATCi- 
ROOT  LOCI1*’  GAIK*  - . 2*2i'-*G'd 

BODF  GAIN  *  .2768-^4 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.2403-01 

,2*22-00 

-.2403-01 

-.2*22-00 

-.2*26-00 

.0000 

-. 7362*02 

•  HUGO 

-.21KQ+01 

.ouno 

-.8386-00 

.5461-00 

-.8386-00 

- .*46i-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.COOL 

X<  3)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.89014-01 
BODE  GAIN  »  .14334-04 

ROOTS 


REA’. 

imaginary 

PAR  r 

PART 

-. 1210*00 

.  GCQJ 

-.60*54-02 

.ouoo 

-.5*254-01 

.0000 

-.1952-00 

.7668-00 

-.1952-00 

-, 7686-00 

-.2084-00 

.  3  6  0  Q  -  u  0 

-.20M-0C 

-.360U-00 

.0000 

,000') 

.0000 

.no  or 

,0000 

.  uono 

x 

r  >  j 


8 


X(  4)-to-c<  2)  numerator 

HOOT  LOCUS  GAIN*  6962+02 


BODE  GA I f,  *  .2402+0? 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.45*3-01 

.2755*00 

-.4*63-01 

-.2755-03 

-.2110-00 

.0000 

-.5418-00 

.0000 

-.1942+01 

.0000 

-.1110+00 

.7273-00 

-.1110+00 

-.7276-00 

.0000 

.0000 

.0000 

.cooc 

.0000 

.0000 

X(  5)-T0-C<  2)  NUMERA'i OP 
ROOT  LOCUS  GAIN*  -.8042+01 
BODt  GAIN  *  -,2358-OC 

ROOTS 


REAl. 

imaginary 

PART 

PART 

.3765-01 

.ococ 

-.9270-01 

.5926-01 

-.92/0-01 

-.5926-01 

- • 5364+01 

,cuoc 

-.2016-00 

,7549-OC 

-.2016-00 

-.7549-00 

- . 5359-00 

•  OuOC 

-.1116-0/ 

•  COOC 

,0000 

.00  DC 

-.7451-06 

.OliOC 

l 


9 


X<  6>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .3227+02 
BODE  GAIN  *  .1176-04 

ROOTS 


REAL 

imaginary 

PART 

PART 

.2297-06 

.0000 

-.2077+01 

.0000 

-.5749-00 

,8193-00 

-.5749-00 

-.8193-00 

-.4092-01 

.2692-00 

-.4092-01 

-.2692-00 

.6603-00 

.0000 

-.4262-00 

.0000 

,0000 

.0000 

,0000 

,0000 

X<  1  )-TO-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3927+02 
BODE  GAIN  *  .2684+04 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.7622-07 

.0000 

-.3300-00 

,0000 

-.6035-01 

,0000 

-.1020+02 

;oooo 

-.1901-00 

,3879+01 

-.1901-00 

-.3879+01 

-.2335-00 

.7461-00 

-.2335-00 

-.7461-00 

.0000 

.0000 

,5859-07 

.0000 

10 


X<  2)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.1369*02 
BODE  CAIN  *  .4674*03 

ROOTS 


REAL 

PART 

,3332-08 

-.6836*02 

-.4872-01 

-.4672-01 


imaginary 

PART 

,0000 

,0000 

.1017*00 

-.1017*00 

\ 


1733-00 

1733-00 

1773*01 

1773*01 

0000 

0000 


,4451*00 

.4431*00 

.1242*01 

.1242*01 

.0000 

,0000 


X(  3>-T0-C(  3)  NUMERATOR 


ROOT  LOCUS  GAIN*  -.2160*02 
BODE  GAIN  *  -.2482*04 


ROOTS 


REAL 

PART 

- . 5917-01 
,4217*02 
-.2300-00 
-,2300-00 
-.1073*02 
-.2166-00 
-.2166-00 
-.1482-09 
,0000 
.0000 


IMAGINARY 
PART 
.0000 
,0000 
.7480-00 
- . 7480-00 
.0000 
,3603-00 
-.3603-00 
.0000 
,0000 
.0000 


11 


ROOTS 


real 

IMAGINARY 

PART 

PART 

.5423-02 

.1539-00 

#5423-02 

-.1539-00 

-.3281-00 

.4163-01 

-.3281-00 

-.4163-01 

-.8947-01 

,9575-00 

-.8947-01 

-.9575-00 

-.1516*01 

.0000 

.0000 

.0000 

.0000 

,0000 

,0000 

*0000 

XC  5)-T0-C<  3)  NUMERATOR 

I 

ROOT  LOCUS  CAIN*  .1340*02 
BODE  CAIN  «  -#4027-01 

ROOTS 

k 


REAL 

IMAGINARY 

PART 

PART 

-.1334-01 

.0000 

-.2171-01 

.0000 

-.1121*02 

.0000 

-.2336-00 

.7504-00 

-.2336-00 

-.7504-00 

-.5362-00 

,0000 

-.7655-01 

.0000 

.1718-06 

.0000 

-.4040-09 

,0000 

.0000 

,0000 

12 


XI  6)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  .13/3*02 
BODE  GAIN  *  .6741*01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-,1432*02 

.1610-00 

-.1432-02 

-.1610-00 

-.1309-00 

,4115-00 

-.1309-00 

-.4115-00 

-.1418*01 

,1229*01 

-.1418*01 

-.1229*01 

.1023*01 

.0000 

-.1863-08 

,0000 

.0000 

,0000 

•  0000 

.0000 

XI  1>-T0-C<  A)  NUMERATOR 
ROOT  LOCUS  CAIN*  .2440-00 
BODE  GAIN  °  .9822*02 


REAL 

'?  •*  ‘ 

imaginary 

PART 

PART 

-.1153-06 

.0000 

-.9699*01 

,3360*01 

-.9699*01 

-.3360*01 

-.2666*01 

.0000 

-.2607-00 

.0000 

.1930*01 

.0000 

-.1206-00 

.2356-00 

-.1206-00 

-.2356-00 

,4657-09 

.0000 

.0000 

.0000 

13 


- 


X(  2)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1416+02 
600E  GAIN  *  .2053+02  ' 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.3279-02 

.0000 

-. 1894*02 

.0000 

- • 8761*01 

.0000 

-.1887+01 

.0000 

-.3431-00 

.0000 

-.4128-01 

.2630-00 

-.4128-01 

-.2630-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

X<  3>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.4491-01 
BODE  GAIN  *  -.1263+03 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.2197-07 

.0000 

. 1337*03 

.0000 

-.1904-00 

.4257-00 

-.1904-00 

•  -.4257-00 

-.1049+00 

.2335-00 

-.1049+00 

-.2335-00 

-.1381+02 

.0000 

-.2H83+01 

.0000 

.0000 

.0000 

,0000 

.0000 

Ik 


X<  4>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .9095-00 
BODE  GAIN  *  3884*01 

ROOTS 


REAL 

PART 

-.4112-01 
-,4112-01 
-.2441-00 
-.2441-00 
-.1711*02 
-. 1905*01 
-.5369-00 
.0000 
,0000 
.0000 


IMAGINARY 

PART 

.2642-00 
-.2642-00 
.1837-00 
-.1837-00 
.0000 
.0000 
.0000 
.0000 
.0000 
•  0000 


X<  5)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .7414*02 
BODE  GAIN  *  .3613-01 

ROOTS 


REAL 
PART 
.8734-08 
-.8473*02 
■»  ,3856*01 
-.5503-00 
-.1274-00 
-.1274-00 
-.1783-00 
.7218-01 
.8568-07 
.0000 


IMAGINARY 

PART 

.0000 

.0000 

.0000 

.0000 

.2112-00 

-.2112-00 

.0000 

.0000 

.0000 

.0000 


15 


! 

| 

X<  6)-T0-C(  4 )  NUMERATOR 
ROOT  LOCUS  GAIN*  , 3744*01 
BODE  GAIN  *  -.8277+01 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.4374-01 

.2642-00 

-.4374-01 

-.2642-00 

-.7661-02 

.2997-00 

-.7661-02 

-.2997-00 

-.9143+01 

.0000 

•, 1886+01 

*0000 

-.5430-00 

,0000 

.7477-10 

.0000 

-.5891-08 

.0000 

.0000 

.0000 

X(  1>-T0-C(  5 >  NUMERATOR 
ROOT  LOCUS  GAIN*  .1814+02 
BODE  GAIN  *  -.5021+02 

ROOTS 


REAL 

imaginary 

PART 

PART 

,6527-07 

.0000 

-.9916+01 

.0000 

-.1736-00 

.0000 

-.5800-01 

.0000 

-.1057+01 

.3124-00 

-.1057+01 

-.3124-00 

-.2355-00 

,7542-00 

-.2355-00 

-.7542-00 

.0000 

.0000 

.0000 

.0000 

16 


X(  2)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1443-01 
BODE  GAIN  *  2710+01 


ROOTS 


REAL 

PART 

♦1791-06 

-.5648+03 

-.1143+01 

-.1143+01 


IMAGINARY 

HART 

.0000 

.0000 

-  ,1119+01 
-.1119+01 

.*  ,  A 


.4429-01 

.0000 

,1649+01 

.0000 

.3395-00 

.0000 

.1367-00 

.0000 

.0000 

.0000 

.0000 

,0000 

X<  3)-T0-C(  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.8595+01 
BODE  GAIN  *  .4826+02 

ROOTS 


RFAL 

PART 

-.57(33-01 
- . 9596+01 
-.4776+01 
-.2299-00 
-.2299-00 
-.2210-00 
-.2210-00 
.0000 
.0000 
.QQQO 


IMAGINARY 

HART 

.0000 

.ooco 

.0000 

.7564-00 

-.7564-00 

.2128-00 

-.2126-00 

.0000 

.0000 

.0000 


17 


X<  4)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  .4331-00 
BODE  GAIN  *  -.7676-01  1 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.7391-07 

.0000 

-.3223-00 

,1083400 

-.3223-00 

-.1083400 

.1312-00 

,1089400 

.1312-00 

-.1089400 

-.2711-00 

,1013401 

-.2711-00 

-.1015401 

-. 1308401 

.0000 

.0000 

,0000 

.0000 

,0000 

XC  5>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2633-00 
BODE  GAIN  ■  .7*36-03 

ROOTS 


REAL 

imaginary 

PART 

PART 

,1449-02 

.0000 

-.1082402 

,0000 

-.2299-00 

,7335-00 

-.2299-00 

-.7335-00 

-.3328-00 

.0000 

.2329-00 

.0000 

-.6488-01 

.0000 

-.1441-08 

.0000 

.2184-06 

.OUOO 

,3592-07 

,0000 

18 


si  *)»ro-e(  b>  numerator 

ROOT  LOCUS  CAIN*  -.1457-00 


BODE  CAIN  •  -.1636- 

00 

ROOTS  ' 

REAL 

IMAGINARY 

PART 

PART 

.1374-00 

,1124*00 

,1374-00 

-.1124*00 

-.7308-01 

,4040-00 

-.7308-01 

-,4040-00 

,2997*01 

,0000 

-.9940-00 

.9713-00 

-.9940-00 

•*9713-00 

,0000 

,0000 

,0000 

,0000' 

,0000 

•  0000 

LOCKHEED  AMMa  HELICOPTER  JUNE  10  1970  MOSTAB-B  -DERIVATIVES 
CASE  2  SPEED*  28,8  FT/SEC,  H-D0T»-2B,9  *T/SEC,  CAMMA«-9Q,0  DEC» 
CROSS  HEjCHflStOO.  SEA  LEVEL.  QYVaMC  TtP  LOSS  (YES) 

x" 

•TARILITY  DERIVATIVE  MATRICIS- 


U 

V 

'V 

P 

Q 

* 

X 

-.7513*02 

.9704*01 

-.305**01 

. 1011*04 

-.6809*02 

-.1 735*03 

V 

,2825*01 

-.2100*02 

. 2974*31 

.4360*03 

-.1948*03 

,1632*04 

z 

”, 2626*01 

-.2536*01 

- . 3706*01 

. 5236*02 

-.1664*04 

-.4034*03 

L 

2280*03 

.3516*03 

-.3561*02 

-.1227*05 

-.4563*04 

-.1849*04 

'  M 

-,1201*03 

-.5593*02 

-.5100*03 

.5707*34 

-.8952*05 

,1075*05 

i  N 

i 

-.2371*02 

.3998*03 

-.9163*02 

-.1256*04 

-.1159*05 

-.8680*05 

i 

U  DOT 

V  DOT 

W  DDT 

P  DOT 

G  DOT 

R  DOT 

i  X 

-,1073-03 

.2261-04 

.4161-05 

.3059-01 

,4676-00 

,9090-01 

Y 

-.1038-01 

-.3476-03 

-.5900-04 

.1279*01 

-.2587*02 

-.4791-00 

'  Z 

.1663-01 

-.1415-03 

-.2919-03 

-.4234-00 

.5322-00 

-.2588*02 

L 

.3891-03 

.5335-02 

.2727-02 

.1549*02 

-.1137*03 

,1382*03 

!  H 

.1163*00 

.6497-02 

-.1977-02 

-.1668*03 

.2938*04 

-.1425*04 

N 

,1182*00 

.3169-02 

-.2009-03 

-.1806*02 

.1430*04 

,2952*04 

C(  1) 

C(  2) 

C<  3) 

C(  4) 

CC  5) 

X 

-.1126*06 

-.5360*03 

-.1971*03 

-.5756*03 

.1232*03 

V 

-. 5593*04 

.1826*05 

.5659*04 

.8039*04 

.4163*01 

z 

.4081*03 

.5621*04 

-.1831*05 

•1237*02 

.3086*04 

L 

.2347*06 

-.2937*03 

.2556*05 

-.2429*06 

-.2594*04 

M 

-.7336*04 

.2740*06 

-.6723*06 

21674-05 

.5528*04 

i  N 

i 

-.3486*04 

-.6730*06 

-.2749*06 

-.3850*04 

.1192*03 

r 

THE  INERTIA  TENSOR 

• 

5497*05 

2437*03 

7611*03 

f 

,  t 

2437*03 

5001*05 

3728*02 

•  t 

7611*03  -. 

3728*02 

1151*05 

TRIMMED 

VELOCITIES 

i  WITH  RESPECT  TO  OVERALL  VEHICLE 

REFERENCE 

AXES- 

•  U 

V 

W 

P 

G 

R 

-.3040-00 

-.1409*01 

.2876*02 

-.0000 

.0000 

-.0000 

TRIMMED 

itfration 

COLUMN  VECTOR.  Tfe- 

,2135-00 

,8854-03 

-.7529-02 

.1343-00 

.1750-01 

-.4895-01 

•TABILITY  AXIS  SYSTEM  EULER  ANGLES”  THETA*  .1572*01  PHI  .0000 
AIRCRAFT  P'ERTIAL  SPEED*  .2*60*02 


20 


denominator  characteristic 
ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.8006-01 

,3619-00 

,6006-01 

-,3619-00 

,3925-01 

,4387-00 

,3925-01 

-, 4387-00 

,1805-00 

,9069*01 

.1805-00 

-,9069-01 

,9824*01 

,0000 

,1905*01 

,0000 

.1490-07 

,0000 

,0000 

,0000 

.0000 

,0000 

.OOOC 

,0000 

NUMERATORS 

(NOTE-  NUMERATOR  ROOTS  LESS  THAN  l.OE-7  TIMES  THE 
LARCEST  NUMERATOR  ROOT  ARE  NOT  INCLUDED  IN  THE  BOOE  CAIN), 


X<  1>-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,2328*03 
BOOE  GAIN  *  - • 9600*03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-,1659-00 

,0000 

-.9823*01 

.0000 

-.1905*01 

,0000 

3698-01 

.4405*00 

-,3698-01 

-.4405*00 

-,8356-01 

,3624-00 

-.8356-01 

-.3624-00 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

21 


rJ<r 


X<  2J-T0-CI  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1152*02 
BODE  GAIN  *  .2197*03 

ROOTS 


REAL 

PART 

.7696-06 

-.9177*01 

-.2010*01 

-.3622-00 


3622-00 

-.8173-01 

-.•173-01 

.6822-00 

,0000 

,0000 


imaginary 

PART 

.0000 

.0000 

.0000 

.1236*00 


-.1236*00 
.4515-00 
-.4515-00 
,0000 
•  0000 
•  0000 


XC  3J-T0-CC  1)  NUMERATOR 
ROOT  LOCUS  GAIN"  -.8468-00 
BODE  GAIN  *  .6502*03 

ROOTS 


REAL 

PART 

-.7557-01 

-.7557-01 

-.2597-00 

-.1233*01 

-.1022*02 

.1342*01 

.1342*01 

.0000 

,0000 

,0000 


IMAGINARY 
PART 
.3741-00 
-.3741-00 
.0000 
,0000 
.0000 
.5565*01 
- . 5565*01 
.0000 
.0000 
,0000 


22 


XI  4)-T0-C<  1)  NUMERATOR  • 
ROOT  LOCUS  CAIN*  -.4267*01 
BODE  CAIN  *  .4138*02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.7722-01 

.3851-00 

-.7722-01 

-.3851-00 

-.2714-01 

.4302-00 

-.2714-01 

-.4302-00 

’.9839*01 

«0U00 

-.1918*01 

•  0000 

-.3648-00 

.0000 

4478-06 

.0000 

-.2611-08 

.0000 

.3725-08 

.0000 

X<  5>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  .1869*00 
BODE  CAIN  *  .1040-03 

ROOTS 


real 

IMAGINARY 

PART 

PART 

.1876-03 

.2281-02 

.1876-03 

-.2281-02 

-.1042*02 

•  0000 

-.2585-00 

.0000  ' 

.5460*01 

.0000 

-.7498-01 

.3741-00 

-.7498-01 

-.3741-00 

,1132-06 

.0000 

-.3992-08 

*0000 

.9779-08 

.0000 

23 

— *J 


./ 


X(  6>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  .3062-00 
BODE  CAIN  «  -.6436-01 

ROOTS 


REAL 

PART 

.1432-03 

-.9392-00 

-.9392-00 

-,§376-01 

-.§576-01 

-.3684-00 

.4689-01 

-.§149-0§ 

,3388-08 

-.6802-00 


imaginary 

PART 

.0000 

.2703*01 

-.2703*01 

.4519-00 

-.4319-00 

.0000 

.0000 

.0000 

.0000 

.0000 


XC  1)-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  CAIN*  .1113*01 
BODE  CAIN  •  .7291403 


ROOT  3 


C 


REAL 

IMAGINARY 

PART 

PART 

-.4130-01 

. 4320-00 

-..4130-01 

-.4320-00 

-.6324-00 

.0000 

.1326402 

.0000 

-.1075401 

.1729401 

-.1073401 

-.1729401 

-.1973401 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

24 


X<  2>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  3733*02 
BODE  GAIN  *  .1968*04 

ROOTS 


REAL 

imaginary 

PART 

part 

-.1900-00 

,6143-01 

-.1900-00 

-.8143-01 

-.6145*02 

,0000 

-.1943*01 

,0000 

-.1099*01 

,0000 

-.3606-01 

•4356-00 

-.3608-01 

-.4356-00 

.0000 

,0000 

•  0000 

•  0000 

,0000 

,0000 

X<  3)-T0-C(  2)  NUMERATOR 

ROOT  LOCUS  GAIN* 

-.1575*02 

BODE  GAIN  *  ,5633*03 

ROOTS 

REAL 

IMAGINARY 

PART 

PART 

-.1257-00 

.0000' 

-.2184*02 

,0000 

-.3480*01 

,0000 

'  •, 1076*01 

^.0000 

.1490-01 

.4510-00 

.1490-01 

-.4310-00 

-.3602-00 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

25 


m 


DM 

I 


X<  4)-T0-C<  2)  NUMERATOR 

ROOT  LOCUS  GAIN*  . 1 fi b 4 ♦ 0 1 


BOOE  GAIN  *  . 3875+02 

ROOTS 


REAL 

IMAGINARY 

PART 

part 

-.1411-00 

.0000 

-.2642+01 

.3397-00 

-.2642+01 

- .  339  7-00 

-.9161*00 

.0000 

.2430+01 

.GGOC 

-.3842-01 

.4362-00 

-.3842-01 

-.4362-03 

-.1315-06 

.oooc 

.6977-09 

.oonc 

,0000 

.0000 

XC  5>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.8119+01 
BOOE  GAIN  «  .9711-0.  ^ 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.4933-03 

.0000 

-.4944+01 

.0000 

.1444-01 

.4555-00 

.1444-01 

-.4555-0'’’ 

-.3525-00 

.noou 

-.1214+00 

.0000 

-.1123-01 

.0000 

.6634-07 

.0000 

.3551-OH 

.0000 

.1164-06 

.0000 

& 


. . . 


26 


X<  6)-T0-C<  2)  NUMERATOR 


ROOT  LOCUS  GAI*«  .7741+02 


BODE  GAIN  *  ".605*4-04 


ROOTS 


real 

imaginary 

PART 

PART 

-.5056-03 

.0000 

-.1970*01 

.0000 

-.3606-01 

.4359-00 

-.3806-01 

-.4359-00 

-.1985-00 

.7020-01 

-.1985-00 

-.7020-01 

- . 1602-02 

.0000 

.4700-00 

.nooo 

.0000 

.0000 

.0000 

.0000 

HOT  reproducible 


X(  D-TO-CI  3)  numer.tor 

/ 

ROOT  LOCUS  GAIN*  .4261-00 
BODE  GAIN  *  .3305+03 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1316-05 

.0000 

.2605+02 

.nooo 

-.3440-ji 

.3/70-00 

-.3440-01 

-.3770-00 

-.6037-00 

.3595-00 

-.6037-00 

-.3595-00 

-.2606+01 

.6959-00 

-.2686+01 

-.6959-00 

.onoo 

,ouoo 

.0000 

.0000 

27 


X<  2>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  -. 1242+02 
BODE  GAIN  ■  ♦  4852+03 

ROOTS 


REAL 
PART 
•3213*06 
~ '8022+02 
-.1578+01 
-.8716-00 


IMAGINARY 
PART 
•  0000 
.0000 
.00‘00 
.0000 


-.1967-00 
-.1967-00 
.5821-02 
.5821-02 
•  0000 
,0000 


.73+7-01 

-.7347-01 

.4042-00 

-.4042-00 

.0000 

.0000 


X<  3)-T0-C(  3)  NUMERATOR 


ROOT  LOCUS  CAIN*  .3597+02 
BODE  GAIN  ■  -.1297+04 


ROOTS 


REAL 

PART 

-.9549-01 
-.9549-01 
-.1600-00 
-.1680*00 
-.9B55+01 
- « 9855+01 
-.1182+01 
.0000 
.0000 
.0000 


IMAGINARY 
PART 
.3574-00 
-.3574-00 
.1078+00 
-.1070+00 
.4086+01 
-.4086+01 
.0000 
•  0000 
.0000 
.0000 


28 


X<  4>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1150-01 
BODE  GAIN  *  ,1361*02 

R00T3 


REAL 

IMAGINARY 

PART 

PART 

-.1314-00 

.0000 

,7179*03 

,0000 

• ,3665-00 

,6296-00 

-,3665-00 

-.6296-00 

-.3014*01 

.0000 

-.7549*02 

.3939-00 

-,7549-02 

-.3939-00 

-.5960-07 

•  0000 

.0000 

.0000 

.0000 

.0000 

X<  5>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1327*02 
•ODE  CAIN  *  . 3541-04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

,1201-07 

,0000 

,3856-06 

.0000 

-.1130*02 

.0000 

-.9573-01 

,3583-00 

-.9573-01 

-.3583-00 

-.1687-00 

,1065*00 

-.1687-00 

-.1065*00 

.1279-01 

.0000 

-.6880-04 

,0000 

-.4657-09 

•  0000 

29 


XI  6>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  . 3440*02 
BODE  GAIN  *  -.2127-04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2260-03 

.0000 

-.1199*01 

.0000 

-.2117-00 

.4451-01 

-.2117-00 

-.4451-01 

.3897-02 

,4089-00 

,3897-02 

-.4089-00 

-.3916-02 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

XI  D-TO-CI  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1189*01 
BODE  GAIN  •  -.2437*03 


ROOTS 


REAL  ' 
PART 

-.7443-01 

-.7443-01 

-.1386-01 

-.1586-01 

-.8637*01 

-.8637*01 

-.1904*01 

.0000 

.0000 

,0000 


IMAGINARY 

PART 

.3883-00 

-,3bB3-0H 

.4303-00 

-.4303-00 

.1000*01 

-.1000*01 

.0000 

,0000 

.0000 

.0000 


30 


mHm 


X(  ?) 

i-T0-C<  4)  NUMERATOR 

ROOT 

LOCUS  GAIN* 

w  *  T  J 

-.1660402 

BODE 

GAIN  *  -.9462402 

ROOTS 

REAL 

imaginary 

PART 

PART 

-.2082-06 

*0000 

1130402 

.0000 

-.1*96401 

.0000 

-.1621-00 

.0000 

-.3990-00 

.0000 

-.3886-01 

.4312-00 

-.3886-01 

-.4312-00 

.4420-00 

.0000 

,0000 

,0000 

.0000 

.0000 

0  f;  1  0  , 

X(  3) 

-T0-C<  4)  NUMERATOR 

ROOT 

LOCUS  GAIN* 

-.7713-01 

*  r  d  v 

BODE 

GAIN  «  -,17044.03 

A.'  S 

ROOTS 

REAL 

imaginary 

PART 

^irart 

-.11594.00 

.0000 

.14094-03 

,0000 

-.6178-01 

,3726-00 

-.61/8-01 

-.3726-00 

'.11594.02 

,0000 

-.15924-01 

,0000 

-.10464-01 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

X<  4)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .4432401 
BOOE  GAIN  •  -.1748402 

ROOTS 


REAL 

IMAGINARY 

PART 

*  PART 

-.5075-08 

‘  .0000 

.5410-08 

,0000 

-,9778401 

,0000 

-.1903401 

.0000 

4,3032-01 

,4355-00 

-.3032-01 

-,4355*00 

6538-01 

.3806-00 

-.6536-01 

-.3606-00 

-.1518-00 

,0000 

,0000 

,0000 

X<  5>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .3951-00 
BOOE  OAIN  *  -.4397-04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.7858-03  . 

,0000 

-, 1152*02 

,0000 

-,1448*01 

.0000 

-,61*4-01 

.3722-00 

-.6114-01 

-.3722-00 

-.1105*00 

.0000 

-.1099-01 

,0000 

.8601-09 

,7139-08 

.8601-09 

-.7139-08 

-.1624-06 

,0000 

32 


XI  6I-T0-CI  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,9024-00 
BODE  GAIN  *  .2731-04 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.3602-03 

,0000 

.2100*01 

,0000 

-.1736-01 

,0000 

-.1368-00 

,0000 

-.1006*01 

,0000 

-.6018-01 

.4315-00 

6018-01 

6212-08 

3723-G8 

3032-08 


4315-00 

0000 

0000 

0000 


XI  D-TO-CI  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,2344-00 
BODE  GAIN  «  -.1372*01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2262-06 

,0000 

-.9758*01 

,0000 

-.1923*01 

.0000 

-.1133*00 

,3265-00 

-.1133*00 

-.3265-00 

.6167-00 

,0000 

.2236-01 

.2309-00 

.2236-01 

- » 2009-00 

,2171-07 

.0000 

.0000 

,0000 

33 

X<  2>-T0-C<  5)  NUMERATOR 


ROOT  LOCUS  GAIN*  -.2185-02 


BODE  CAIN  =  .8635-00 

ROOTS 


REAL 

PART 

.3055-05 

.3308*03 

.9341*01 

-.1127*00 


imaginary 

PART 

.0000 

.0000 

.0000 

.6328-01 


-.1127*00 

-.1373*01 

-.1751-00 

-.1751-00 

,0000 

,0000 


- , 652B-01 
.0000 
,2849-00 
-.2849-00 

.0000 

.0000 


X<  3>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1050*02 
BODE  GAIN  *  .8973*01 

ROOTS 


REAL 

PART 

-.1450-00 
-.1450-00 
-.2477-00 
-.8387-01 
-.8387-01 
- • 9612*01 
-.2076*01 
.3632-07 
,0000 
.0000 


IMAGINARY 

PART 

.5824-01 

-.5824-01 

,oooc 

,3664-00 

-.3664-00 

.OUOC 

.0000 

.0000 

.OCOJ 

,0000 


34 


Xt  4>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  CA ! M*  .4747-.1 
BODE  GA I !,'  *  - #1672-00 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.1482-00 

,3894-00 

-.1482-00 

-.3894-00 

.2266-01 

.3462-00 

,2266-01 

-.3462-00 

-.1010+02 

.0000 

-.2138+01 

, 0000  v 

-.1780-00 

.0000 

.ococ 

.0000 

.0000 

•  ooon  *-* 

.0000 

,0000 

X(  5J-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1170+00 
BODE  GAIN  ■  ,3201-00 

ROOTS 


real 

imaginary 

PART 

PART  • 

.3678-06 

.0000 

-.1010+02 

.0000 

.0000 

.oooc 

.1007+01 

.0000 

-.8313-01 

.3649-00 

-.6313-01 

-.3649-00 

-.1758-00 

.9U57-01 

-.1758-00 

-.9057-01 

.1681-08 

.0000 

.7178-08 

.ococ 

35 


X(  6>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.2986-01 
BODE  GAIN  *  .2924-06 

ROOTS 


REAL 

PART 

,6266-04 

,8683+01 

-.2087-00 

-.2087-00 

-.3160-02 

-.3160-02 

-.1630-00 

-.9003-08 

,3260-08 

,2971-08 


IMAGINARY 

PART 

.0000 

.0000 

.3069-00 

-,3069-00 

.1276-00 

-.1276-00 

.0000 

.0000 

.0000 

.0000 
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1 


LOCKHEED  AH96A  HELICOPTER  JUNE  10  1970  MOSTAB-B  DERIVATIVES 
CASE  9  SPEED"  0,0  FT/SEC,  M.nOT*  0.0  FT/SEC.  GAMMa*  0.0  r)E6. 
CROSS  V|!GHT*13600.  SEA  LEVEL,  DYNAMIC  T I D  LOSS  (YES) 

STABILITY  DERIVATIVE  MATRICFS- 


u 

V 

w 

P 

0 

R 

X  -,7472*01 

.1497*01 

*.1463*01 

-.9297*03 

.1477*04 

-.3821*01 

Y  -, 1284*01 

-.2319*02 

-, 2918-00 

-.1461*04 

-.4966*03 

.3497*09 

Z  -, 9492*01 

.9622-01 

*.1196*03 

.1114*03 

-.6026*02 

,1113*04 

L  •••SU*02 

-.4443*03 

.1997*61 

-.•460*0» 

,1099*09 

,2073*04 

M  .4719*03 

-,•260*02 

".9912*01 

•»96o7*o4 

*, 6796*09 

.2043*04 

N  *.••90*01 

,3419*03 

*,7923*01 

•9119*03 

••9919*04 

-. 1261*09 

U  DOT 

V  DOT 

V  DOT 

P  DOT 

C  DOT 

R  DOT 

X  *. 9022-Q3 

-, 1669-03 

•*1940-01 

-,230**02 

-.2106*01 

,4496-00 

Y  *,9969-04 

.7061-04 

*.7137-02 

.2101*01 

-.2317*02 

-.4429-01 

Z  .1904*02 

,1420-02 

,1947-02 

.7602-00 

.3746-00 

,9063-01 

L  .6433-02 

,6390-02 

,8630-02 

.2963*04 

-.1429*04 

-, 6241*02 

M  .7970-02 

.1109-09 

.3172-00 

,1430*04 

.2997*04 

-, 2799*02 

N  -.1131-02 

-.1099-03 

,2448-02 

-.7996*02 

.3249*02 

,9643*01 

C(  1) 

C(  2) 

C(  3) 

C(  4) 

CC  9) 

X  -.4903*03  -.9260*04  ,1991*09  -.63l4*01  -.4339*04 
V  2244*03  .1960*09  ,9263*04  .6279*04  ,1139-02 
Z  -.1114*06  .1099*03  *.4493*09  -.4996*01  ,6796*02 
L  .2996*04  .4926*06  .2797*04  ,2273*04  -.30ll*03 
M  -.1939*09  .2797*04  *.6926*06  -.6124*04  .3466*04 
N  .2681*06  -.1994*09  *,7900*04  -,26o7*OS  ,4979*01 


THE  INERTIA  TENSOR 

.1192*09  .0000  .9126*03 

,0000  ,9000*09  .0000 

.9126*03  ,0000  ,9498*09 


TRIMMED  VELOCITIES  WITH  RESPECT  TO  OVERALL  VEHICLE  REFERENCE  AXES- 

U  V  W  p  <!  R 

,9996-00  -.0000  . 7096-01  -.0000  ,0000  -,0000 


TRIMMED  ITERATION  COLUMN  VECTOR,  TE- 

,2361-00  ,9286-03  *, 4719-02  ,1735-00  .2094-01  -.6410-01 

STABILITY  AXIS  SYSTEM  EULER  ANCLES-  THETA*  .1999-05  PHI  -.6409-01 
A1RC9AEJ.  INERTIAL  SPEED*  ,1000*01 
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DENOMINATOR  CHARACTERISTIC 
ROOTS 


REAL 

imaginary 

PART 

PART 

-.2348-00 

.0000 

-.2047-00 

.0000 

.3432-01 

.4130-00 

.3432-01 

-.4130-00 

-.1823-01 

.3937-00 

-.1823-01 

-.3937-00 

-.1001402 

.0000 

-.2010401 

.0000 

.2177-07 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

NUMERATORS 

( note*  NUMERATOR  ROOTS  LESS  than  1.0E-7  times  the 
LARGEST  NUMERATOR  ROOT  ARE  NOT  INCLUDED  IN  ThE  BODE  GAIN). 


X<  l)-TO-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,9044-00 
BODE  GAIN  *  -.4880*03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2241-00 

.0000 

-.9363-02 

,4055-00 

-.9363-02 

-.4055-00 

-.9924401 

.0000 

-.4648*01 

,0000 

.1047401 

,2676*01 

,1047401 

-.2676*01 

.0000 

.0000 

,0000 

,0000 

.0000 

.0000 

38 


■***“!•  « 


X<  2>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,4351-00 
BODE  GAIN  *  .1912*03 

ROOTS 


REAL 

PART 

.1091-06 

-,2440-00 

,5471-02 

.5471-02 


IMAGINARY 

PART 

.0000 

,0000 

,4507.00 

-.4507-00 


-.4956*01 
-.4956*01 
-.3726*01 
.1312*01 
.0000 
,  0000 


.4516*01 

-.4518*01 

.0000 

.0000 

,0000 

,0000 


X<  3>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,2299*03 
BODE  GAIN  *  -.6408*03 


ROOTS 


REAL 

PART 

-,1337-00 

-,1001*02 

-.2012*01 

-.1971-01 

-.1971-01 

.3304-01 

.3304-01 

,0000 

.0000 

.0000 


IMAGINARY 
PART 
.0000 
,0000 
,0000  * 
,3929-00 
-.3929-00 
.4159-00 
-.4159-00 
.0000 
,0000 
,0000 
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XC  4)-T0-C<  1)  MUMEPATOO 
ROOT  LOCUS  CAXN«  .2376-00 
BOOH  CAIN  •  •.5731-04 

ROOTS 


REAL 
RART 
.1421*03 
.4294401 
.6923-02 
.6923-02 
-.3070401 
»,  2391-00 
>'6666*01 
.2771*07 
.9740*06 
.1672-06 


IMAGINARY 

PAR* 

.OCPO 

.0000 

.4511-00 

-.4511-00 

,0000 

.0000 

.0000 

,0000 

.0000 

,0000 


XC  5)«70*ec  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  .3390-00 


BODE  GAIN  • 
ROOTS 


-.1673401 


& 


5* 


& 


REAL 

I  'laciNArtv 

PART 

PART 

-.4008*00 

,?0T0 

-.2903-00 

nnn  n 

-.8566-02 

,  4060-CO 

-.8566-02 

-.4260-or 

-.9617401 

.?*Ct  3 

.8486-00 

,  2436-C"*1 

.8486-00 

-.2436-03 

-.9504-0V 

.  ?C3D 

.0000 

.  no  no 

.0000 

,0030 

ho 


X<  6)-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.5245*01 
BODE  GAIN  *  .2919*02 

ROOTS 


REAL 

PART 

-.1086-01 
-.1006-01 
.4052-01 
.4952-01 
-, 9995401 
-.2014*01 
-.2578-00 
.0000 
.0000 
.0000 


IMAGINARY 

PART 

.4090-00 

-.4090-00 

,4054-00 

-.4054-00 

,0000 

.0000 

,0000 

,0030 

.0000 

.3000 


X(  1>-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1474*02 
BOOE  GAIN  •  -.1017*04 


ROOTS 


REAL 
PART 
.1834-07 
-.1114*02 
-.1222*01 
-, 1222*01 
,1008*00 
,1008*00 
-.4162-00 
-.2256-00 
,0000 
,0000 


imaginary 

PART 

.0000 

.0000 

.2612*01 

-.2612*01 

,4432-00 

-.4432-00 

.0000 

.0000 

,0000 

.0000 


4l 


X<  2)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAINi  -.4041*02 
BODE  GAIN  >  .1916*04 

ROOTS 


REAL 
PART 
, 4600*06 
,9657-07 
-.1850*01 
-.1850*01 
.3831-01 
,3831-01 
-.2110*01 
-.2360-00 
-.2360-00 
-,2098-07 


IMAGINARY 
PART 
.0000 
.0000 
.76-72*01 
-.7672*01 
•  4082-00 
-.4082-00 
.0000 
.1408-01 
-.1408-01 
.0000 


X<  3)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GA|N«  -.3616-00 
BODE  GAIN  *  ,5304*03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.0000 

.0000 

-.4503-07 

.0000 

-.5735*02 

.0000 

-.9202*01 

.0000 

-.1713*01 

.0000 

-.1365-00 

,4801-00 

-.1365-00 

-.4801-00 

.4587-01 

.4089-00 

.4587-01 

-.4089-00 

,0000 

,0000 

k2 


X<  4)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.7974*02 
BODE  GAIN  *  *.1011-03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

,1748*06 

,0000 

-.2072*01 

,0000 

*,2310*00 

,7127-02 

-.2310*00 

-,7127-02 

*.3130*01 

,0000 

.3824*01 

,4085-00 

,3824*01 

4085-00 

,3622*04 

,0000 

,6054*08 

,0000 

,0000 

,0000 

X(  3>*T0*C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,8286*01 
BODE  QAIN  ■  -.3303*01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2355*00 

,0000 

,2734-00 

,0000 

,7938*01 

,4414-03 

,7938-01 

-,4414-00 

-,5163*01 

,0000 

-.3124-00 

,2106*00 

-.3124-00 

-,2106-00 

.1863-08 

,0000 

,0000 

,0000 

,0000 

.nooo 

^3 


ROOTS 


( 


REAL 

PART 

••6672*08 

-.1793*01 

•.2483*00 

.3999.01 

...JW-01 

•.1812*01 

..1812*01 

.1615*01 

.0000 

.0000 


IMAGINARY 

PART 

•  H000 
.0000 
.0000 
.4085*00 

-.4085-00 

.1706*01 

*.1708*01 

•  0000 
.0000 
.0000 


XI  1)-T0-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,3883*02 
BOOE  GAIN  •  ,1391*04 

ROOTS 


REAL 

PART 

-.1913-00 

-.2312-00 

-.3474-01 

-.3474-01 

-.9847*01 

-.2380*00 

-.2380-00 

-.4221-13 

.0000 

.0000 


imaginary 

PART 
.POPO 
.POOO 
.4021-cn 
-.4021-00 
.  POOC 
.3618+01 
-.3613+01 

.nooo 

,oooc 

.occr, 
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X<  2)-T0-CC  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -',1171  *02 
BODE  GAIN  >  .4227-02 


ROOTS 


REAL 
PART 
.1140-04 
-.1511+01 
-.1511+01 
« 4871-01 


IMAGINARY 

PART 

.0000 

.1050+02 

-.1030402 

.339&V0C 


.4671-01 

-.1113+01 

-.2337-00 

-.2357-00 

-,1078*J)8 

.0000 


-.3398-00 

,0000 

.1526-01 

-.1528-01 

.0000 

,0000 


X(  3)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAtNa  ,9235-00 
BODE  GAIN  a  , 1643+02 
ROOTS 


REAL 

PAPT 

,5696-01 

.1019+02 

,1019+02 

,7313-01 

.7313-01 

,4636-00 

,4636-00 

.0000 

.0000 

.0000 


IMAGINARY 

PART 

.0000 

.2299+01 

-.2299+01 

.4063-00 

-.4063-00 

,4711-00 

-.4711-00 

,0000 

.0000 

.0000 
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**wra5smi)i 


X<  4>-T0-C<  3)  NUMERATOR 
HOOT  LOCUS  GAIN*  -,3459+02 
BOCE  GAIN  s  -.1746-04 
ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1218-06 

,0000 

-.1319+01 

.0000 

-.2306-00 

,7493-02 

-.2306-00 

-.7493-02 

-.3339-01 

,0000 

.0222-01 

,3424-00 

.0222-01 

-.3424-00 

.4644-04 

,0000 

.1723-07 

.0000 

.0000 

.0000 

XC  3J-T0-CC  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1368+02 
BODE  SAIN  s  -.3688-00 
ROOTS  _ 


REAL 

imagery 

PART 

PART 

.2933-01 

,9344-01 

.2953-01 

-.9544-01 

-.2370-00 

.2447-01 

-.2370-00 

- .2447-01 

-.1141+02 

.nooo 

-.3392-01 

,4079-00 

-.3392-01 

-.4079-00 

.1627-08 

,0000 

-.3765-09 

,0000 

.0000  ' 

,0000 

k6 


X(  6)-T0-C<  3)  NUMERATOR 
HOOT  LOCUS  GAIN*  .7663-00 
BODE  GAIN  *  -.3401-05 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.6301-08 

,0000 

-.3837-06 

,0000 

-.3799*01 

.0000 

-.2310*00 

,0000 

.5794-01 

,3186-00 

.5794-01 

-.3188-00 

.3139*01 

.0000 

-.5245-00 

,8262-00 

-.5245-00 

-.8262-00 

.0000 

,0000 

X<  l)-TO-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,6276-01 
BODE  GAIN  «  ,3906*03 


ROOTS 


REAL 

imaginary 

PART 

PART 

.5937-09 

.0000 

-.2384*02 

.0000 

-.8792*01 

.0000 

-.1749*01 

.0000 

-.2263-00 

,0000 

,1238*02 

.0000 

.7058-04 

.3972-00 

,7058-04 

-.3972-00 

,0000 

,0000 

.0000 

,0000 

/ 
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K<  2>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  SAIN*  -,l9l**f'? 
BOOE  CAIN  «  - •  1576  +  03 

ROOTS 


REAL 

I  MAC  I N A  Rv 

PART 

PART 

-,1940-07 

.ocoo 

-,9623401 

.0000 

-.2030401 

.CDOO 

-.7729-00 

.0000 

-.2413-00 

.0000 

.1444-01 

.4207-0" 

,1444-01 

-.4207-00 

.3317-00 

.0000 

.3301-13 

.0000 

.0000 

.oorc 

XC  3>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1270-01 
BOOE  CAIN  ■  -,2715403 


ROOTS 


REAL 

IMAGINARY 

part 

PART 

-.1306-01 

.4040-00 

-.1306-01 

-.4040-00 

.3626-01 

.4279-00 

,3626-01 

-,4279-DO 

-.9193403 

.*000 

-.1002402 

.roor 

-.2002401 

.or  cc 

.4001-07 

,rc*c 

-.1749-09 

.POOL 

.0000 

.  *000 

48 


X(  4) 

•T O-C (  4)  \UMEPATO» 

ROOT 

LOCUS  GA ! N«  - 

.8661-00 

BODE 

GAIK  ■  .5314 

-04 

ROOTS 

real 

IMAGINARY 

PART 

PART 

- , 3885*08 

.0000 

.2816401 

,nooe 

-.2373-00 

.cone 

-.1213*00 

.ooce 

,5606*04 

.0000 

-.1966*01 

.0000 

.1461-01 

,4225-00 

.1461-01 

-.4225-00 

.2137-07 

.rooo 

.4191-08 

.0000 

X<  5) 

-TO-C(  4)  NUMERATOR 

ROOT 

LOCUS  GAIN* 

,100»*C0 

BODE 

GAIN  «  .1736*01 

ROOTS 

REAL 

IMAGINARY 

part 

PART 

-.2562-00 

.0000 

-.1654*02 

.0000 

-.1044*01 

.2237-00 

-.1044*31 

-.2237-00 

.1005-02 

,3978-00 

.1005-02 

-,397b-0C 

.5872-00 

.ncOO 

.5472-07 

.rooo 

.1079-07 

.HOOD 

X<  6>"T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,5122+01 
BODE  GAIN  *  -.2706+02 


ROOTS 


REAL 

PART 

-.2445-02 

-.2445-02 

.4942-01 

.4942-01 

-.9965+01 

-.2010+01 


IMAGINARY 

PART 

,4028-00 

-.4028-00 

,4103-00 

-.410S-00 

.0000 

.0000 


-.2478-00 

,0000 

-.1597-08 

.0000 

.1865-08 

,0000 

•  0000 

,0000 

XC  1)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,8946+01 


BODE  GAIN  ■  -.7967+01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.9811-08 

.0000 

-.1000+02 

,0000 

-.1714+01 

.0000 

-.2141-00 

.0000 

-.2452-00 

,000c 

-.2298-01 

,4058-00 

-.2298-01 

-.4058-00 

-.1559-00 

,0000 

-.6265-12 

.0000 

,0000 

,0000 
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X<  2)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,3888-02 
BODE  GAIN  •  ,9842-00 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

•.2344-07 

.0000 

,6269+01 

.2337+02 

,6269+01 

-.2337+02 

.2800+01 

.0000 

-.1886-00 

.2394-00 

-.1886-00 

-.2394-00 

-.2418-00 

.0000 

-.1791-00 

.0000 

.7177-09 

.0000 

.0000 

.0000 

X<  3)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  •,1807-00 
BOOE  GAIN  «  ,1365+01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1830-00 

.0000  ' 

-.9998+01 

.0000 

-.2647+01 

.0000 

-.4157-01 

.4903-00 

-.4157-01 

-,4903-00 

-.7550-01 

.4055-00 

-.7550-01 

-.4055-00 

-.1019-10 

.0000 

-.3087-07 

.0000 

.0000 

•  ocoo 

X(  4>-T0-C<  3)  ^EPATO* 


BOOT 

LOCtS  GMV* 

.489’-"! 

BODE 

GAIN  *  -.6060 

-C7 

ROOTS 

REAL 

IMAGIMRV 

part 

PART 

.6062-04 

.0000 

<3186+01 

,0000 

-.1366-00 

,0000 

-.2447-03 

,1446-:.: 

-.2447-00 

-, 1446-00 

-.2404-00 

.0000 

6283-01 

.0000 

,3492-09 

.2122-:* 

,3492-09 

-.2122-^ 

-.7319-08 

.coo: 

N 


X(  3)-?0-C<  3)  NUMERATOR 
HOOT  LOCUS  CAIN*  -.7686-01 
BOOE  CAIN  •  -.1986-02 

BOOTS 


PEAL 

I 'AG I  ►  v 

PART 

PA*~ 

7053-02 

."Ore 

1046+02 

.0000 

2313-00 

.'’COG 

2068-0C 

^  O  ^  +*. 

1145+01 

,  ~  0  r’  c 

2305-01 

.4C52-LG 

2303-01 

-.4052-00 

6352-08 

.  "DOC 

1364-08 

,rooc 

0000 

.rcrc 

T7TVrJ 


■  wr-vr  ■  : 


fy. 


X 


m mmwtm 


X(  6)-T0-C<  5)  numerator 
ROOT  LOCUS  GAIN*  -,1009-02 
BODE  GAIN  «  .3095-01 

ROOTS 


REAL 
PART 
,2301-07 
-.*002-07 
, 01314*01 
.21914*01 
-.1390*00 
-.2604-00 
4505*01 
-.1097-00 
-.1097-00 
,0000 


IMAGINARY 

PART 

.nooo 

.nooo 

.0000 

,0000 

,0000 

.0000 

.0000 

,4002-00 

-,4002*00 

,0000 
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3W 


LOCKHEED  AH56A  HELICOPTER  JUNE  ID  1970  NTSTAB-B  DERIVATIVES 
CASE  6  SPEEO*  33,6  FT/SEC.  H-HOT»  O.C  FT/SEC.  GAMMA*  0,0  DEC, 
GROSS  WEIChT*13600,  SEA  LEVEL.  DYfv'.MC  TIP  |.OSS  (YES) 


STABILITY  DERIVATIVE  MaTRICFS- 


U 

V 

w 

F 

c 

R 

x 

-. 3264*02 

.1739*01 

-,4b4e*oi 

-.4563*03 

.1359*04 

-.3215*02 

V 

,3881*01 

-.2999*02 

-.9127-00 

-.1531*04 

-.4347*03 

,5097*03 

z 

-.1103*03 

-.1016*01 

-.1742*03 

,2095*02 

.7170*02 

.9901*03 

L 

-,•124*02 

-.4130*03 

-.3713*01 

-.66q2*o5 

• 1009*03 

,1204*04 

M 

,3872*03 

-.7177*02 

-, 1040*03 

-.9463*04 

-,9l04*03 

,2396*04 

N 

-. 20*4*03 

,3463*03 

-.4293*02 

-.3981*02 

-.1408*04 

-.1631*03 

U  DOT 

V  DOT 

W  OOT 

P  DOT 

0  DOT 

R  DOT 

X 

-.7724-03 

.1432-03 

-. 3680-01 

-.2447*02 

-.1226*01 

,3508-00 

Y 

,•408*03 

.1283-04 

.5788-01 

,1329*01 

-.2486*02 

-, 3315-01 

Z 

,2384-03 

-.1178-02 

.1668-01 

,39i7*cl 

.1027*01 

-,1032-01 

L 

,•178-01 

.2*48-02 

.4202*01 

,2971*04 

-.1417*04 

-.4676*02 

M 

,2833-01 

-.4172-01 

.2231*01 

.1424*04 

.2965*04 

-.1973*02 

N 

-.7220-03 

-.1381-02 

-.1460-00 

-.6690*02 

.2634*02 

,1003*02 

C<  1) 

C(  2) 

C(  3) 

C(  4) 

C(  5) 

X 

-.1371*04 

-.3468*04 

.1833*03 

-.2170*03 

-.6624*04 

Y 

-,7l»f*03 

.1883*05 

,5495*04 

.8205*04 

.6254-03 

Z 

-,1038*06 

,1296*04 

.4231*04 

.1311*02 

.1000*03 

L 

", 1388*03 

.6904*06 

.2748*06 

.3285*04 

-.1414*04 

M 

,8321*03 

.2762*06 

*, 6927*06 

-.4021*04 

.3690*04 

N 

,2488*06 

-.2114*03 

«, 4184*04 

-.2494*06 

-.2227*02 

THE  INERTIA  TENSOR 

,1131*05  ,0000 

,0000  .3000*03 

,6790*03  ,0000 

,6790*03 

.0000 

.3499*05 

trimmed  velocities 

WITH 

RESPECT  TO  OVERALL  VEHICLE  REFERENCE 

u 

V 

w  p 

0 

,3380*02  - 

.oooo 

.5276-00  -.0000 

.ooro 

TRIMMED  iteration  column  vector,  te- 

,2164-00  -.2381-02  .1298-01  .1401-00  .1569-01  -.5144-01 

STABILITY  AXIS  SYSTEM  EULER  ANGLES-  THETA*  ,2442-05  PHI  -,3143-01 
AIRCRAFT  INERTIAL  SPEED*  .3380*02 
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DENOMINATOR  CHARACTERISTIC 
ROOTS 


REAL 

PART 

-.1106*00 

-,9938*01 

2021*01 

•,1151*00 

•,1151*00. 

,9455-02 

.9455-02 

-.3995-00 

,0000 

.0000 

.000^ 

.0000 


NUMERATORS 

(NOTE-  NUMERATOR  ROOTS  LESS  TH*n  1.0E-7  TIMES  TME 
LARGEST  NUMERATOR  ROOT  ARE  *'0T  INCLUDED  IN  ThE  BODE  GAIN) , 


X(  1)-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  GAINS  ,267?*0l 
BODE  GAIN  s  -.6672*03 
ROOTS 


REAL 

IMAGINARY 

part 

PART 

.4215-07 

.0000 

- , 8C27-0C 

."oro 

-.1934-OC 

,ococ 

-.1467-OC 

,5047-0? 

-.1467-3C 

-,5047-CO 

-.9919*01 

.coco 

,8122-00 

,<925*01 

, 6122- "C 

-.<925*01 

,  000n 

,cooc 

,00Cf' 

,oocc 

JMAGI VRV 
PART 
.0000 
.0000 
.coco 

.5842-00 

-.5842-00 

.3617-00 

-.3617-00 

.0000 

.*'000 

,0000 

.0000 

.0000 
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at  2>*T0-C<  1)  NUMERATOR 


ROOT  LOCUS  GAIN*  ,1604401 


BOOE  GAIN  «  .1417+03 

ROOTS 


REAL 

PART 

,1826-07 

8742*02 

-.1133*02 

-.1934*01 


IMAGINARY 

PART 

,0000 

,0000 

,0000 

,0000 


-.4540-00 

.1864-01 

.1864-01 

,2582-01 

,2065-07 

,0000 


,0000 

,3996-00 

-.3996-00 

,0000 

.0000 

.0000 


X<  3)-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,2184403 
BOOE  GAIN  *  -, 2261*02 

ROOTS 


REAL 

part 

-.3958-02 

-.9963*01 

-.1803*01 

*.1121*00 

-.1121*00 

-.8790-02 

-.8790-02 

,0000 

.0000 

.0000 


IMAGINARY 

PART 

.0000 

,0000 

,0000 

,5859-00 

-.5859-00 

.3345-00 

-.3345-00 

,0000' 

.0000 

.0000 
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WyWBffi W 


X(  4)-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,2633401 
SOOE  CAIN  ■  -.6569-04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1030-08 

,0000 

-.1474401 

,6957*00 

-.1474401 

-.6957-00 

-.4834-00 

.0000 

.2364-05 

.0000 

,2036401 

.0000 

.1633-01 

.4071-00 

,1653-01 

-.4071-00 

.0000 

.0000 

.1237-07 

,0000 

X<  5>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  -,1677401 
BOOE  GAIN  «  -.1396401 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1732-00 

,2243-00 

-.1732-00 

-.2243-00 

-.1096402 

.0000 

-.1861-00 

.5323-00 

-.1861-00 

-.5523-00 

-.6204-00 

.0000 

,1830-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

57 


XC  6)-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  4360*01 
BODE  GAIN  «  .2692*02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.9706-08 

.0000 

-.9847*01 

.0000 

-.2036*01 

.0000 

-.3319-01 

,3960-00 

-.3319-01 

-.3960-00 

.4901-01 

,4027-03 

.4901-01 

-,4027-OC 

-.4667-00 

.0000 

.0000 

,0000 

•  0000 

,0000 

X(  l>«rTO-C<  2)  NUMERATOR 
HOOt  locus  CAIN*  .1533*02 
30UL  SAIN  ■  -.1021*04 


ROOTS 


REAL 

PART 

.2197-07 

-.1009*02 

-.1219*01 
-.1219*01 
-.4190-02 
-.4190-02 
-.3840-00 
-.2426-00 
•  0000 
•  0000 


IMAGINARY 

PART 

.oono 

.  f>000 
.2760*01 
-.2760*01 
.5664-00 
5664-00 

.oono 

.0000 

.oono 

.0000 
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X<  2>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.3670+0? 
BODE  GAIN  *  .190+04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2017-06 

.0000 

-.2160+01 

.7961+01 

-.2160+01 

-.7961+01 

-.2107+01 

.0000 

-.4126-00 

.0000 

,1625-01  ' 

.3361-00 

.1625-01 

-.3361-00 

-.3085-00 

.0000 

,0000 

.0000 

.8754-07 

.0000 

X(  3>-T0-C<  2)  NUMERATOR 
ROOT  I.OCUS  GAIN*  -.3665+01 


BODE  GAIN  *  ,9324+03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.2823-02 

,4312-00 

,2823-02 

-. 4312-OC  . 

-.9690-01 

,5924-00 

-.9690-01 

-, 5924-00 

-.8147+02  . 

.nooo 

-.5439+01 

.0000 

-.3530-00 

,noOO 

.2114-07 

,0000 

.0000 

.0000 

,0000 

•  0000 

59 


„  Hi, 


X<  4>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GA|Na  -.7961*02 
BODE  GAIN  •  -.1229-03 

ROOTS 


REAL 

PART 

,2280-03 

-.2085*01 

-,2081-00 

-.2081-00 

,4306-01 

,4306-01. 

-.3972-00 

-.8124-08 

,4717-08 

.0000 


IMAGINARY 

PART 

.0000 

,0000 

,4508-00 

-.4508-00 

.3672-00 

-.3672-00 

.0000 

,0000 

.0000 

.0000 


XI  5>-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  GAINa  -, 8283*01 
BODE  GAIN  ■  -, 2586*01 

ROOTS 


REAL 

PART 

-.3924-00 
-.2128-00 
-.2128-00 
.2055-00 
-.5200*01 
-.4778-01 
-.4778-01 
-.3893-09 
.0000 
• ,0000 


IMAGINARY 
PART 
,0000 
,2424-00 
-.2424-00 
•  0000 
'  .0000 
,5406-00 
- , 5406-00 
,0000 
.0000 
.0000 
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Xt  6)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1490*01 
BODE  GAIN  *  .5023*02 

ROOTS 


REAL 
PART 
.1089-01 
.1089-01 
-.3951-00 
-.2389*01 
-.1977*01 
-, 1977*01 

,1685*01 

.0000 

.0000 

,0000 


IMAGINARY 

PART 

,3705-00 

-.3705-00 

.0000 

,0000 

,1564*01 

-.1564*01 

,0000 
,0000 
•  0000 
,0000 


X<  n-TO-CC  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,3613*02 


BODE  GAIN  ■  .1773*04 


ROOTS 


REAL 

PART 

-.1184*00 

-.9916*01 

-.2007-00 

-.2007-00 

-.1113*00 

-.1113*00 

-.3505-00 

,0000 

.2197-07 

.0000 


IMAGINARY 

PART 

.0000 

.0000 

.3753*01 

-.3753*01 

.5791-00 

-.5791-00 

.0000 

.0000 

,0000 

,0000 


6l 


X(  21-TO-Ct  3)  iLMEs»TO" 
ROOT  LOCUS  04!\«  -,l2l4*:r 

BODE  G* I K*  *  ,31094.03 


ROOTS 

REAL 

PART 

-.5393-01 

2100401 

-•aioo^oi 

•,4294-32 


n*s!K.^y 

PAR* 

.0300 

,1022-»02 

-.1322*:? 

.4639-:? 


•9 


REAL 

part 

1240+OC 

+  ^  **  ^ 

.#  ~  '  - 

5124432 

^  ^  — 

•  -  w 

113B4.J30 

.563?-:: 

U384-30 

-.  c‘632-:'* 

1093402 

. "  3  r.  C 

1399-01 

.4647-:' 

1399-01 

-,4647-C' 

0000 

.core 

0000 

f  f»rr 

•  W  k-  L 

0000 

.  rt3CC 
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X(  4)*?r-C{  3)  k.UM£  =  *TC£ 
ROOT  LOCUS  GAIN*  -.345"*^ 
BODE  GAIN  *  .3237-04 

POOTS 


REAL 

Imaginary 

PART 

PART 

-.3309-07 

.rooo 

-.1249*31 

.0003 

-.0043-00 

.rooc 

-.2000-00 

.rooc 

.2360-05 

.r-ooo 

-.7174-01 

.6154-00 

-.7174-01 

-.6154-00 

.2350-00 

,:occ 

.0000 

.coco 

-.4151-06 

•  coco 

XC  5>*T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1360*02 


BOOE  GAIN  «  .6109-00 

ROOTS 


real 

part 

-.1193*00 

-.U9c*cc 

.7173-01 

-.3474-cC 

-.1131*02 

-,ii46*c: 

-.1146*00 

-.4657-C? 

.0000 

.0000 


IKAGIN/RT 

PAR^ 

.6146-01 
-. *146-01 

.0000 

.rcoo 

.3000 
.eftC0-00 
-, 5600-OC 
.*000 
.3000 

.rooc 
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X<  4>*T0-C<  3)  NUMERATOR 
MOOT  LOCUS  GAlNa  ,3634-00 
BOOE  GAIN  a  -.1323*0?  . 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2280-00 

,0000 

-.6984-01 

,4544-00 

-.6984-01 

•  , 4544-00 

-.2643401 

,1759401 

-.2643401 

-.1759401 

.1406401 

,1142*00 

,1406401 

-.1142*00 

,0000 

,0000 

.0000 

,0000 

.0000 

,0000 

X(  l)-TO-C<  4)  NUMERATOR 
ROOT  LOCUS  GAINa  ,4903-00 
BODE  GAIN  a  .2770403 


ROOTS 


REAL 

PART 

-.1026-06 

-.1001402 

-.5046401 

-.2082401 

-.3302-00 

.4850401 

-.8364-01 

-.8364-01 

.0000 

.0000 


imaginary 

PART 

.nooo 

.0000 

.0000 

.0000 

.0000 

.0000 

.3620-00 

-.3620-00 

.0000 

.0000 

6k 


X<  2>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  CAIN*  1694*02 
BODE  CAIN  ■  -. 7497*02 

ROOTS 


REAL 

part 

,1740-01 

9434*01 

9434*01 

2021*01 

,9171-02 

.9171-02 

-.4107-00 

.0000 

.0000 

,0000 


IMAGINARY 
PART 
.0000 
• 1660*01 
-.1440*01 
.0000 
.3490-00 
-.3490-00 
,0000 
,0000 
,0000 
,0000 


X<  3)-T0-C(  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3433-01 
BODE  GAIN  *  -.2039*03 

ROOTS 


REAL 

PART 

-.2737-01 

-.2757-01 

-.9043-01 

-.9043-01 

,3114*03 

-.1130*02 

-.2042*01 

-.1397-07 

.0000 

.0000 


IMAGINARY 

PART 

,3713-00 

-.3713-00 

,5504-00 

-.3304-00 

,0000 

,0000 

,0000 

,0000 

,0000 

,0000 
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X(  4).rn-C(  4)  \,bvE3AT?t? 
ROOT  LOCUS  SA!N«  -,7Sl?-CC 
BODE  CAIN!  «  . 2062*02 

ROOTS 


RE64. 

INA6INARV 

PART 

PAR* 

,2216-07 

,0000 

-.2316*01 

.0000 

-,1986*01 

.0000 

-.4163-00 

.0000 

.0000 

,0000 

.4107*01 

.oooc 

,8699-02 

,3716-00 

.6699-02 

-.3716-00 

-.4074-08 

.0000 

-.1397-07 

.coco 

X(  31-YO-Cl  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,5993-01 
BOOK  CAIN  «  ,1006*01 


s>*' 


c,\* 


sS- 


ROOTS 


real 

IMAGI\-SV 

PART 

PAR* 

-.6719-01 

.3412-00 

-,6719-01 

-.3412-00 

-, 5715-00 

.9752-01 

-.3715-00 

-.9752-05 

-,1946*02 

,''000 

-.2180*01 

.nooo 

.4004-00 

.nooo 

-.2445-06 

.~oon 

.0000 

.cool 

.0000 

.0000 
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X(  6>-T0-C<  4)  NUMERATOR 
HOOT  LOCUS  GAIN*  ,4547401 
BODE  GAIN  «  -.19534C2 

ROOTS 


REAL 

PART 

-.1090-01 
-.1090-01 
.1981-01 
.1981-01 
-• 9912*01 
-.2021*01 


IMAGINARY 
PAR* 
,3803-00 
- ,3603-00 
,3839-00 
-,3839-00 
.0000 
.nooo 


-.4129-00 

.cooo 

-.8163-09 

.0000 

.0000 

.0000 

.0000 

.0000 

XC  n-TO-CC  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1366*02 
BOOE  GAIN  «  -.1461*02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1713-07 

.0000 

-.9938*01 

.0000 

-.1721*01 

,0000 

-.1696-00 

.0000 

-.9781-01 

.0000 

-.1048*00 

,5809-00 

-.1048*00 

-.5809-00 

-.4453-00 

.0000 

.0000 

.0000 

•  0000 

.0000 
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X(  2)*T0-C(  5)  NUMERATOR 


ROOT  LOCUS  GAIN*  ,6426-02 


0OOE  GAIN  *  -,4520-00 


ROOTS 


REAL 

PART 

.2687-01 

.5236-01 

*2027+02 

,2027+02 


IMAGINARY 

PART 

,0000 

,0000 

,3410+02 

-.3410+02 


-.1119+01 

-.1119+01 

-.4991-00 

.0000 

.0000 

.0000 


.1170+01 

-.1170+01 

.0000 

.0000 

,0000 

,0000 


X<  3)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2044-00 
BOOE  GAIN  «  .1066+02 

ROOTS 


REAL 

PART 

,3803-08 

-.3557+02 

-.1059+02 

-.1189+00 

-.1189+00 

-.1576-00 

-.1576-00 

-.1018+00 

,0000 

.0000 


IMAGINARY 

PART 

,0000 

,0000 

,0000 

,5661-00 

-,5861-00 

,3629-00 

-.3629-00 

,0000 

,0000 

,0000 
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X<  4)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,1049-00 
BODE  CAIN  •  -.9114-13 

ROOTS 


REAL 

IMAGINARY 

MART 

MART  '  : 3 

*  «’ 

-.3011-07 

•  0000 

*  *  1 

,2516-06 

,0000 

.  i 

-.9461-00 

,0000 

j 

-.5101-00 

•  0000 

♦.  *"  7*  > 

-.0028-01 

,0000 

-  *  '  *  ,8 

,2362-05 

,0000 

£  -  V* 

-.2443-00 

,8698-00 

•*  H  *•  £* 

-.2443-00 

-,0690-00 

‘  V  ^  r 

.1000401 

,0000 

Y  4  r  ^  T 

,3073-00 

,0000 

■2i/  .■  r 

X(  3>-T0-C<  9)  NUMERATOR 
ROOT  LOCUS  GAIN-  -,11544.00 
BODE  GAIN  >  -.7591-02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1034-06 

,0000 

-.1083402 

,0000 

-.3044-00 

,0000 

-.1187400 

,0000 

-.1744-01 

,0000 

-.1019400 

,5045-00 

-.1019400 

-.5045-00 

,0932-00 

,0000 

,3291-08 

,0000 

,0000 

,0000 
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X<  6)-T0-C<  3)  NUMERATOR 
MOOT  LOCUS  CAIN*  -.2226-02 
300E  CAIN  ■  • 1473-00 

ROOTS 


REAL 
PART 
.7976-01 
.1337-01 
. 1337*01 
,3037-00 
.9247601 
,9247601 
,1651601 
.3377-08 
.0000 
.0000 


IMAGINARY 

PART 

.0000 

,4289-00 

-.4289-00 

.0000 

.1170*02 

-.1170*02 

.0000 

.0000 

.0000 

.0000 


LOCKHFEO  AM56A  HELICOPTER  Jij-jf  jp  1970  MO$TaB-B  DERIVATIVES 
CASS  7  SPEED*  67. M  FT/REC.  *-rv;T«  C.1  FT/SEC.  GAMMA*  0,0  DEG. 

GROSS  v^|GHT«t56t)0,  Sf.*  LE'EL.  CVS-MC  TIP  CYES) 

STABILITY  DEMVATlVf  M«rwic.*S- 


W 

V 

t 

P 

0 

k 

X 

-.5465+01 

,1975+01 

-,P974*J1 

-.3769+03 

.1633+04 

,2740+02 

V 

,23:8+01 

-.4016+02 

-.7003+01 

-.1720+04 

-.3291+0' 

,7446+03 

z 

-.6543+02 

-,36+7+ni 

- • ?T)4+Q3 

-.2952+03 

.1340+02 

,9385+03 

L 

-.7166+02 

-.3566+03 

-.1603+02 

- ,8468+05 

.9335+04 

,1047+04 

1 

,4621+03 

-.5614+02 

-.9420+02 

-.9127+04 

-.9449+05 

,3156+04 

N 

-.2411+03 

,4613+03 

-.1*36+03 

.1617+03 

.1057+04 

-.2266+05 

U  DOT 

V  ROT 

«  oqt 

P  OOT 

G  ROT 

R  DOT 

X 

-.2114-02 

,7534-04 

-.KJ86+0C 

-.2*74+02 

.3133-00 

,5528-00 

Y 

,2036-02 

.4567-04 

.1019+03 

.4736-31 

- .2807+0? 

-.6376-02 

Z 

.2034-03 

-.1261-02 

. 1063-01 

,1965+01 

.9481-00 

-.9516-02 

L 

,1696-00 

.9927-02 

.6397+01 

.2985+04 

-.1460+04 

-.5943+02 

M 

,7925-01 

-.4336-01 

.4253+01 

.1*14+04 

.2978+04 

-.2725+02 

N 

-.1222-01 

-.53J9-02 

-.4423-00 

-.1369+03 

.4022+0? 

.1123+02 

C<  1> 

C(  2) 

C(  3) 

C<  4) 

C(  5> 

X 

-.1094+05 

-.6204+04 

•  1891+05 

-.2742+03 

-.8825+04 

Y 

-.1464+04 

.1779+05 

.6050+04 

.7612+04 

.3080-0? 

Z 

-.1153+06 

.4350+0? 

.1025+05 

.1790+02 

.1757+03 

»  1  , 

L 

-.3321+05 

,6879+06 

. 2739+06 

,2017+04 

-.2962+04 

V*  -* 

M 

1 .1635+06 

.277P+04 

-.6933+06 

-.1740+04 

.7722+04 

N 

,1796+06 

-.3136+05 

.4861+Q4  . 

-.2318+06 

*.62n5+02 

the  inertia  tensor 

.1152+05  ,0000  , 8657+03 

.0000  .5000+05  >  .0000 

,6657+03  .OQOO  ,5498+05 


TRIMMED  VELOCITIF.S  WITH  RESPECT  TO  OVERALL  VEHICLE  REFERENCE  AXES- 

! 1  V  *  P  .  r  R 

.6779+02  -.0000  .1349*01  -tOOQO  .0000  -,0000 


TRIMMED  ITER+TION  COLUMN  VECTOR .  TE- 

^  % 

.1670-00  -.5276-02  .7692-01  .  7*>i?-ni  .1990-01  -, 3157-01 

STABILITY  AXIS  SYSTEM  E"LER  ANGLES-  THETA*  .1285-04  PHI  -.3156-01 
AIRCRAFT  INERTIAL  SPEEO*  .'.7PC+S? 


*  \  *) 


DINSPfNATOR  characteristic 
ROOTS 


REAL 

PART 

7186*01 

9618+01 

2066+Q1 

3199*01 

3199*01 

2039*00 

,2039*00 

,6124*00 

,0000 

,0000 

,0000 

,0000 


imaginary 

PART 
•  0000 
.0000 
.0000 
.3790*00 
*.3790*00 
,8160*00 
*, 6160-00 
,0000 
,0000 
,0000 
,0000 
,0000 


WSSoE  GAIN) # 


XC  1)«T0*CC  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,2222+02 


BOOS  SAIN  ■  -,6104+03 

ROOTS 


REAL 

PART 

-,3463+07 
-.9874+01 
-.4371-00 
*, 4371*00 
-.2816*00 
*,2816*00 
6996-00 
*,1030+00 
,0000 
,0000 


IMAGINARY 
PART 
,0000 
,0000 
’ ,2221+01 
*,2221+01 
,7791*00 
-.7791*00 
,0000 
,0000 
.0000 
,0000 
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X<  2>-T0-C<  1)  NUMERATOR 


ROOT  LOCUS  GAIN*  ,3264401 
BODE  CAIN  *  ,7356402 

ROOTS 


REAL 

PART 

-.6297-08 

•,6162402 

-,1163402 

-.2171401 


-.7195-00 

.4252-01 

,4252-01 

,8706-02 

.0000 

,0000 


IMAGINARY 

PART 

,0000 

.0000 

.0000 

,0000 


.0000 

,4577-00 

-.4577-00 

.0000 

.0000 

.0000 


X<  3)-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*.  ,2380403 
BODE  GAIN  *  -.1742403 

ROOTS 


REAL 
PART 
.2775-07 
-,9892401 
- , 4248-01 
-.1761-00 
-.1761-00 
-.1234401 
.8369-01 
,8369-01 
.0000 
.0000 


IMAGINARY 
PART 
.0000 
.0000 
.0000 
,7843-00 
-.7843-00 
.0000 
.4388-00 
-, <388-00 
.0000 
.0000 


73 


X<  4>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .5032*01 
BODE  GAIN  *  -.4260-16 

ROOTS 


REAL 

PART 

.3677-06 

.3677-06 

-.1312*01 

-.1312*01 

-.7628-00 

.3238-01 

.3238-01 

.1524*01 

,6192-o:> 

,2692-08 


IMAGINARY 

PART 

,2365-06 

-.2365-06 

,6794-00 

-.8794-00 

,0000 

,4736-00 

-.4736-00 

.0000 

,0000 

.0000 


X(  5)-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3302*01 
BODE  GAIN  ■  -.5466-00 

ROOTS 


REAL 

PART 

-.8214-01 

-.8214-01 

.1363-00 

-.1068*02 

-.2464-00 

-.2464-00 

-.6658-00 

,0000 

,0000 

.0000 


IMAGINARY 

PART 

,1212*00 

-.1212*00 

.0000 

,0000 

,0167-00 

-.0167-00 

.0000 

.0000 

,0000 

.0000 


74 


X<  *)«TO-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3367*01 
BODE  GAIN)  *  .1731*02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.3966-01 

.3739-00 

-i 3966-01 

-.3739-00 

,6994-01 

,4507-00 

.6994-01 

-.4507-00 

9482*01 

,0000  . 

-,2319*01 

,0000 

-.7262-00 

,0000 

.0000 

•  0000 

.0000 

•  0000 

,0000 

,0000 

XC  1)-T0-C(  2)  NUMERATOR 

ROOT  LOCUS  GAIN* 

.1752402 

BODE  GAIN  «  «, 8933*03 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1676-00 

.0000 

-.8793*01 

.0000 

-,1138*01 

.2852*01 

-.1138401 

-.2852401 

-.1217400 

.7753-00 

-.1217400 

-.7753-00 

-, 5444-00 

.0000 

,6147-07 

.0000 

,0000 

.0000 

.0000 

.0000 

75 


x<  2)*TH-C<  2)  A*MERATOR 
ROOT  LOCl'S  GAIN*  -tSb2t'+02 
BODE  GAIN  *  .2180*04 

HOOTS 


real 

IMAGINARY 

PART 

PART 

,3417-01 

.3359-00 

.5417-01 

-.3359-00 

-.3369-00 

.oooo 

-,278«*01 

. 8340+31 

-.2788*01 

-.8340*31 

-.1958*01 

.0000 

-.8784-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,0000 

X<  3>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1236*01 
BODE  GAIN  *  ,44244-03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.2458-01 

.2988-00 

,2458-01 

-.2988-00 

-.2379-00 

.0000 

-.4181*03 

.0000 

-.5612*01 

.nooo 

-.1503-00 

,7931-03 

-.1503-00 

-.7931-01 

.COor 

.none 

,000r 

.''OHO 

.000^ 

.hqcc 

r  *  (  a  v* 

a-  itrr.H 

£7 


''on* 
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X(  4)-TT-C<  2)  'iu'ifeWATO* 
ROOT  LOCUS  GA!m«  -.794 HH12 
BODE  GAIN  «  .1589-09 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.4636-08 

.0000 

.3195-07 

.0000 

-.2532-06 

.0000 

-.2138401 

.cooo 

-.2689-00 

.7265-00 

-.2689-00 

-.7265-00 

.5066-01 

.397&-00 

.5066-01 

-,397m-CO 

-.5860-00 

.nooo 

.5967-05 

.f'OOO 

X(  5>-TO-C<  2)  NUMERATOn  NOT  REPRODUCIBLE 

ROOT  LOCUS  GAIN*  8281+01 
BODE  GAIN  «  -. 1542*01 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.1284-00 

.1873-00 

-.1284-00 

-.1873-00 

.1765-00 

.0000 

-.5665-00 

,0000 

-.5205401 

,0000 

-.1682-00 

,77P3-Cr 

-.1682-00 

-.77P3-0r 

-.1863-08 

.r.CPO 

.coor 

,ronc 

.0000 

.( cnc 

77 


X(  6)-T0-C<  2)  NUMERATOR 


ROOT  LOCUS  GAIN*  , 2014*01 
BODE  Gain  *  , 4884*02 

ROOTS 


real 

IMAGINARY 

PART 

PART 

,2611-01 

,3635-00 

,2611-01 

-.3835-00 

-.5434-00 

.0000 

-.3058*01 

.0000 

-.1377*01 

*1794*01 

-.1377*01 

-.1794*01 

.1582*01 

,0000 

.0000 

,0000 

.0000 

,0000 

.0000 

,0000 

X<  1)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3697*02 
BODE  GAIN  *  ,1309*04 

ROOTS 


REAL 

PART 

-.7242-01 

-.1000*02 

-.1632-00 

-.1632-00 

f .2020-00 
-.2020-00 
-.5439-00 
,3604-09 
-.3851-06 
,0000 


IMAGINARY 

PART 

.0000 

.0000 

.3715*01 

-.3715*01 

,8024-00 

-.8024-00 

,0000 

.0000 

.0000 

,3000 


78 


3*  Mi 


P  n.  1  ft 


X(  2>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1329+02 
BODE  GAIN  >  .4730+03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

••6482*01 

.0000 

-.2352+01 

,9392+01 

-.2332+01 

-.9392+01 

.2804-00 

,8384-00 

•  •  - 

-  . 

.2804-00 

-.8384-00 

-.2533+01 

.0000 

-.2714-00 

,0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

X<  3)-TO-C(  3)  NUMERATOR 

ROOT  LOCUS  GA!N> 

-.3778+02 

BODE  GAIN  •  -.4192+03 

ROOTS 

REAL 

IMAGINARY 

PART 

PART 

-.7310-01 

,CQ00 

,2411+02 

,0000 

-.2033-00 

,8064-00 

-.2035-00 

-.8064-00 

-.1060+02 

,0000 

.1003-01 

,2798-00 

.1003-01 

-.2798-00 

,0000 

.0000 

.0000 

,0000 

,0000 

.0000 

—  -  U 

1 


■vmir  iiMajf 


X<  4)-TC-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -. 3444+02 
BOOE  GAIN  *  -.1889-16 

ROOTS 


REAL 

PART 

-.1401-06 

-.1013*00 

.3294-03 

.7940-05 

.1289-00 

1146*01 

-.1146*01 

-.7033-01 

-.7033-01 

.0000 


IMAGINARY 
PART 
.0000 
.0000 
.0000 
.0000 
.0000 
,4060-00 
-.4060-00 
.0380-00 
- .  8380-00 
,0000 


X<  3>*TO-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1370*02 
BOOE  GAIN  ■  ,8766-01 

..ROOTS 


REAL 

PART 

-.5223-01 

-.3223-01 

,4820-01 

-.1115*02 

-.2062-00 

-.2062-00 

-.5547-00 

-.3492-09 

.0000 

.0000 


IMAGINARY 
P  APT 
,9444-02 
-.9444-02 
.0000 
.0000 
,8084-00 
-, 0084-00 
,0000 
,0000 
.0000 
,0000 


80 


s 


RW 


X(  6)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,5500-00 
BODE  GAIN  *  -.2776+01 

R00T8 


REAL 

IMAGINARY 

PART 

PART 

1065+00 

,0000 

1007+00 

.3903-00 

1007+00 

-.3903-00 

3933-00 

,0000 

2431+01 

.3639+01  ?*? 

2431+01 

-.3650+01 

3606+01 

.0000 

0000 

.0000 

0000 

,0000 

0000 

.0000 

X(  1)-T0-C(  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .6122-00 

BODE  GAIN  «  ,1392+03 

* 


>  ft  & 

. 

#.  #*  .  y- 

V  10  .  *. 

r  *?  ** 

• 

>  ^  f 

ROOTS 

oo«£  w. 

O'v  -wc.' 

&0-C 

real 

IMAGINARY 

r*  *  n 

PAPT 

PART 

? y  X 

,4066-07 

.0000 

*  < 

-.9454+01 

.0000 

-.3233+01 

.1110*01 

-.3233+01 

-.1110+01 

-.5467-00 

,0000 

.3332+01 

,0000 

-.1097+00 

,3021-00 

-.1097+00 

-.3021-00 

.0000 

.nooo 

,0000 

,0000 

81 


X<  2)-T0-C<  4)  NUMERATOR 


ROOT  LOCUS  GAIN* 

-.1571*0? 

*  /  ■  >  '  'J ?  J  TO'*# 

BODE  GAIN  *  .  -.4340*02 

'  -  A-  'COP 

ROOTS 

pro:  >i 

REAL 

IMAGINARY 

i1' 

PART 

PART 

*  A  * 

.7260-02 

,0000 

*>  ♦  3  A  f  v* 

1778*02 

.0000 

■*  • . 

-.1011402 

.0000 

+  .  **  ’  '  *  *  ** 

-.2063*01 

.0000 

>  - l*  ?  v  t  .. 

.3094-01 

.3056-00 

,3094-01 

-.3056-00 

-.6256-00 

.0000 

.0000 

,0000 

.0000' 

,rooo 

.0000 

.0000 

X(  3)-T0-C<  4)  NUMERATOR 
ROOT  LPCU3  GAIN*  -.3979-01 
BODE  GAIN  ■  8469402 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.5323-01 

,3167-00 

.5323-01 

-.3167-00 

-.2023-00 

,3963-00 

-.2023-00 

-.3963-00 

, 2430*03 

.0000 

-.1257402 

.0000 

-.3110401 

.0000 

.4191-00 

,0000 

,0000 

,0000 

•  ,0000 

,0000 

82 


X<  4)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,6971-00 
BODE  GAIN  •  ,1527-03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1380-07 

•  0000 

-.2063-06 

,0000 

-.3523*01 

•  0000 

-.1977*01 

,0000 

-.6304-00 

,0000 

,6080-05 

.0000 

,4960*01 

,0000 

.3033-01 

,3867-00 

,3033-01 

-,3867-00 

,6898-08 

,0000 

X<  5>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1360-01 
BODE  GAIN  *  ,3754-00 


ROOTS 


REAL 

PART 

-.6766-01 

-.6766-01 

-.5744-00 

-.5744-00 

-.5650*02 

-.4467*01 

.3246-00 

,5413-06 

,0000 

,0000 


IMAGINARY 

PART 
,2823-00 
-,2823-00 
,1876-00 
-,1876-00 
,0000 
,0000 
,0000 
,0000 
•  0000 
,0000 


Of)  s 


83 


Xt  6>-T0-C<  4  >  NUMERATOR 
ROOT  LOCUS  GAIN*  ,42304-01 
BODE  CAIN  «  - . 1109*02 

ROOTS 

REAL  IMAGINARY 

PART  PART 

-.1539-01  ,3654-00 

-.1539-01  -.3654-00 

,3594-01  ,3882-00 

.3594-01  -.3882-00 

-.9786*01  .0000 

-.2061*01  ,0000 


-.6262-00 

,0000 

.0000 

,0000 

,0000 

,0000 

.0000 

.0000 

1)-T0-C(  5) 

NUMERATOR 

ROOT  LOCUS  GAIN"  ,1610*02 
BODE  GAIN  •  -,1638*02 

ROOTS 


PEAL 

IMAGINARY 

PART 

PART 

.4324-07 

,0000 

-.9824*01 

.noou 

-.1717*01 

,0000 

-.7018-00 

.0000 

-.1615-00 

.0000 

-.2005-00 

.8112-00 

-.2005-00 

-, 8112-00 

-.6162-01 

,0000 

.0000 

.0000 

,0000 

.0000 

Ok 


X<  2)-T0-C(  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,8890-02 
BODE  GAIN  «  -. 5210*01 

ROOTS 


REAL 

PART 

-. 3379-01 
-.3379*01 
-.7490*00 
-.7490-00 


IMAGINARY 

PART 

.6567*01 

-.6567*01 

.9650*00 

-.9650-00 


.3901*02 

.3901*02 

-.2925*01 

.0000 

.0000 

.0000 


.269**02 

-.2694*02 

.0000 

.0000 

.0000 

.0000 


X<  3>-T0-C(  5)  NUMERATOR 

ROOT  LOCUS  GAIN*  3615-00 

* 

BODE  Of  IN  *  .5078*01 

ROOTS 


real 

IMAGINARY 

PART 

PART 

-.6407-01 

.0000 

-.3970*02 

.0000 

-.1004*02 

.0000 

-.1936-00 

,0220-00 

-.1936-00 

-.0220-00 

.1729-00 

,2136-00 

.1729-00 

-.2136-00 

,0000 

.cooc 

.0000 

.0000 

.0000 

.0000 

85 


X(  4)-T0-C<  S>  NUMERATOR 
ROOT  LOCUS  GAIN*  ,3724-00 
BODE  GAIN  *  -.9942*12 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1931-07 

,0000 

.1212-04 

,0000 

.3093-05 

,0000 

-, 6138-02 

,0000 

-, 3200-00 

,1007401 

-.3200-00 

-.1007401 

-.1019401 

,4911-00 

-.1019401 

-.4911-00 

,7403-00 

,0000 

-.3089-07 

,0000 

X<  3)-T0-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN#  -.1330-00 
BOOK  SAIN  •  -.3*33-03 

JRAQT8  .  . 


REAL 

PART 

-.8992-03 
-, 1103402 
-.7979-01 
-.3673-00 
-.1943-00 
-.1943-00 
.1067401 
.7496-07 
,3904-08 
-.2980-07 


imaginary 
PART 
,0000 
,0000 
.0000 
.0000 
. *148*00 
-.4148-00 
.0000 
,0000 
,0000 
•  0000 


86 


LOC*^  FF  r>  *H56A  HELICOPTER  Jl'NF  10  1970  *OSTaB-&  DERIVATIVES 


CASE  8 

SFE-0*101 

,5  FT/SEC,  w-rCT*  0. 

C  FT/SEC. 

gamma*  0.0 

DEC. 

CROSS 

wRICHT*l56rO,  SEA  LE'-EL.  OYWMlC 

TIP  LOSS  (YES> 

)K 

STABILITY  DERIVATIVE  "ATR!C';S- 

*»>  .t  Av  ij: 

30. J  TOO# 

X 

U 

-,40C8*02 

V  K 

,213?*C1  -.2276*02 

p 

-.3193*03 

n  *  A  * 

.1720*04  -.5965+02 

Y 

•  9695-00 

-.514H+02  -.2986+01 

-.1691*04 

-.2942*03 

,9358*03 

Z 

-.4112*02 

-,20ft8*Cl  -.3271+03 

-.6424+o3 

-.9639+02 

,1006*04 

L 

-.6280*02 

-.3478+03  -.2099+02 

-.9051*05 

,8688+04 

.1359*03 

M 

.2342*03 

-.4468*02  -.1852*03 

-.8254*04 

-.9894*05 

,2602*04 

N 

-.1215*03 

,5793*03  -.2132*03 

-.6710*02 

* 

.4148*04 

\  '  *  » 

-.2923*05 

U  DOT 

V  DOT  W  DOT 

P  oot 

Q  DOT 

«  DOT 

X 

.5346-03 

,3695-04  -.1624-00 

-.2829+02 

.5070-06 

-.1068*00 

Y 

-.4126-03 

.1091-04  .1320-00 

« 5661-01 

-.2736*02 

-.1015-02 

Z 

.2992-04 

-.1185-02  -.7980-02 

-.2529*01 

.1764*01 

<,-.1316-01 

L 

-.3629-01 

.1167-01  .1240*02 

.3003*04 

-.1377*04 

,9935*01 

r 

-.2538-01 

-.4017-01  .6412*01 

•i4p9*o4 

, ?9°1*Q4 

,4532*01 

N 

,3251-02 

.1138-02  -.5710-00 

-.1164+03 

.12l3*o? 

,6008*01 

C(  1) 

C<  2)  Ct  3) 

CC  4) 

C(  5) 

X 

-.3151*04 

-.6042*04  ,1603*05 

-.3648+03 

-.12*5*05 

Y 

-.2588*04 

.1696*05  ,6090*04 

.9266+04 

.36*2-02 

z 

-.1372*06 

-.49l?*03  .3567*05 

,1968*02 

-.5424+0? 

L 

-.5486*05 

,6666*06  ,2696*06 

.8960+04 

-.7362*04 

M 

,3387*06 

,2770*06  -.7256*06 

-.6137*03 

.10*6*05 

N 

.1176*06 

-.2227*05  .2886*05 

-.2828+06 

.1089*0? 

THE  INERTU  TENSOR 

. 1150*04  -.3502-07  -.1438+03 
-,J5C?-C7  .5000*04  -.1308-09 
-.1438*03  -.1308-0’  ,5500*n5 


trimmed  velocities  WITH  respect  to  overall  vehicle  refe°ehcf  AXES- 

:J  V  W  F  OR 

,1015*03  -.9231-10  -.3356-00  -.0000  .OQnO  -.0000 


TRIMMED  ITERATION  COLUMN  VECTOR,  TE- 

, 1781-GO  -.6380-02  ,3553-tl  ,4949-01  -.3305-0?  -,2«85-01 

STAR  1 1  I  TV  AXIS  SYSTEM  EULFH  ANCLES-  THF.Ta*  .3711-06  PHI  -.2485-01 
AIRCRAFT  INERTIAL  SPEED*  .1015*03 


NOT  REPRODUCIBLE 


88 


DINOMPJATOR  CHARACTERISTIC 
ROOTS 


REAL 

imaginary 

PART 

PART 

.1954-OS 

.0000 

-.7678-00 

.0000 

-.5997-01 

.0000 

-.3016-00 

,1040*01 

-.3016-00 

-.1040*01 

-, 1076*02 

.0000 

, 2243*01 

,6133*01 

, 2243*01 

-.6133*01 

.3107-06 

.0000 

.0000 

,0000 

89 


X(  2>-T0-C<  1)  MUMERATO* 
ROOT  LOCUS  GAIN*  ,5«U*0l 
BODE  GAIN  «  . 1046*03 

ROOTS 


REAL 

PART 

*.9869-07 

-.2336402 

*,1912402 

-.2743*401 


IMAGINARY 

PART 

,0000 

,0000 

,0000 

,ncco 


r  MMOM-RG 
e;c oh 


JA3* 

ft*  *• 

/  r  -  c  *  c  f>  ,  » 

V  —  f  * .  r* fs  r  - 

c:;*srie!- 

» C  *• '  $)<*.£,* 
in-  sac,* 
C.  "  S  j!  s  - 

- 

>•  *  -  J  A  r*  ‘  - 


... - 

n0t  *tPRO°uc'BLt 

•'  r,  |*\  r. 

«, 6814-00 

.0000 

'i  ;; 

*  ,  p. 

.6320*0? 

.4141-00 

•  L  «•-  „ 

,6320*02 

-.4141-00 

,1727*01 

.0000 

.0000 

.0000 

.0000 

.0000 

XC  3>-T0*C<  1)  NUMERATOR 

ROOT  LOCUS  GAINa 

.2831403 

BODE  GAIN  ■  *» 1349*03 

ROOTS 

8  Cl  -  .*  5  «*  X 

■j  r  ~  -  i' 

REAL 

IMAGINARY 

>  V  v  s'  ' 

^  o  f  o  v> 

PART 

PART 

••  r  ^ 

-.3230-07 

,0000 

r  r  i  > : r 

-.1062402 

.0000 

>  p* a  t 1 1 

JL  I‘  '*• 

-.2909-00 

,1C?*401 

-.2909-00 

-.102*401 

t  -  -i  1  i  '>  v 

-.3904-00 

,"000 

.4104-00 

.2766-00 

I  ’ 

.4104-00 

-.2766-00 

-.3249-01 

,0000 

-.4018*08 

,0000 

.0000 

,0000 

i  H  "  » 

-  i  jv*  ’ 

>3%* 


V  ,  TC")« 

(  .4  3'  3CCt] 
.  y  *  * 


90 


X<  4)-T0-C(  1)  NUMERATOR 

1  '  J 

ROOT  LOCUS  GAIN*  ,7*544-01 
BODE  GAN*  *  -.5155402 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2029-07 

.nOCO 

.9336-07 

.0000 

-.6343-00 

.00*0 

,2807-02 

. 52*8-00 

.2807-02 

-.5266-00 

-.1105401 

,1213405 

-.1105401 

-.1215401 

.1005401 

.ooct 

.0000 

.0000 

.0000 

,hooo 

X(  5>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.69284.01 
BODE  GAIN  •  -.4074-00 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.7726-08 

.0000 

-.1118402 

.0000 

-.2951-00 

.1057401 

-.2951-00 

-.1057401.*.; 

.3695-01 

.0000 

.  0  0  0  c 

-.8103-00 

-.8639-01 

.4047-01 

-.6*39-01 

-.4047-01 

.0000 

."COG 

.0000 

.nOCC 

1  ^  c*  ^  ^  r  ,  •« 

r  -  oil 
i  g  ♦ ; 1  o : .  - 

*r  -i  . 


«*  f,  v* 


d  T 


«j  # 


.  v  e 


*  ’ A  \ 
*  r>  v r 


>  f  ' 
■T  «•  4 

•  -  *  fc  /  r' 

'  t 

,  V  V 


I 


91 


JT.*: 


0 


X(  4>-T0-C<  1)  .vUMEP/TC^ 
ROOT  L0Ct‘S  jA  I M*  -.2  1394*1 
BOOE  GAIN  *  .16394-C2 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1292-00 

. 3906-00 

-.1292-00 

- • 3908-00 

,1358-00 

.3795-00 

.1358-00 

-.3795-00 

-.1048*02 

.0000 

-.3100*01 

.occo 

-.6735-00 

.*000 

.0000 

.‘mo 

.0000 

.*000 

.0000 

.*300 

XC  1>-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,17104-02 
BODE  GAIN  «  - .  15104-04 

W°r  ^"ODOCbu 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.6910-07 

,0000 

-.5853-00 

,0000 

-.9773-01 

.0000 

-.9043*01 

.0000 

-.1127*01 

,3289*01 

-.1127*01 

-.3289*01 

-.2343-00 

.1030*01 

-.2343-00 

-.10304-01 

.0000 

,0000 

.0000 

,0000 

92 


X(  2>-TC-C<  2)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.3433*02 
BODE  GAIN  ■  #2218*04 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1093-02 

.2373-00 

.1093-02 

-.2373-00 

-.3779-00 

.0000 

-.1712*01 

,8919*01 

-.1712*01 

-.8919*01 

-.1339*01 

,7103-00 

-.1339*01 

-.7103-00 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

X(  3}-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,1399*01 
BODE  GAIN  *  #3242*03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1433-01 

.1679-00 

-.1433-01 

-.1679-00 

-.1656-00 

.0000 

.3210403 

•nooo 

-.6470401 

•  0000 

-.2498-00 

,1042*01 

-.2498-00 

-.1042*01 

,1863-08 

•  0000 

.0000 

.0000 

.0000 

,0090 

93 


x<  4>-ro-C(  2)  vumeratow 
ROOT  LOCUS  c  A  I  >M  S  -,794*+P2 
BODE  CAIN  s  - , 1 517+C3 
ROOTS 


REAL 

part 

-.2971-01 

-.2971-01 

-.8446-00 

-.3337-00 

-.3337-00 

-.20104-01 

.1044-06 

-.2273-08 

.4233-08 

.0000 


IMAGP-URY 
PART 
.2796-0^ 
-.7796-00 
.?0C3 
. 1003+01 
-.1003+01 
.0000 
.HOOO 
.0000 
.0000 
.0000 


X<  3)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GA|N«  -.82744-01 
BODE  GAIN  *  -.11684-01 

ROOTS 


REAL 

part 

.9329-01 

.1085400 

,1085400 

.5865401 

,2646-OC 

.2646-00 

.6961-00 

.2794-08 

,4404-09 

.onor 


IMAGIN' i<Y 

PAR* 

.0000 

.11*040" 

-.ll^n+on 

."OO'j 

.1040*01 

-.1040+01 

.?0"3 

,roMo 

,"PM0 


NOT  REPRODUCIBLE 


94 


X<  6)-ro-C(  2)  NUMERATOR 
RQOT  U>CUS  GAIN«  ,3636-00 
BOPr:  (i i/4 r w  B  ,4697*02 


ROOTS 

REAL 

PART 

-.3459-01 

-.3459-01 

-.9177*01 

-.2239*01 

-.2239*01 

.2298*01 

-.6783-00 

-.1339-07 

.0000 

.0000 


IMAGINARY 

RAHT 

.2713-00 

-.2713-00 

.0000 

.2116*01 

-.2116*01 

."0*0 

."000 

.0000 

,0000 

.nooo 

„0T  RtPROOUClBU 


3105*02 


X(  1 )-TO-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN* 


BODE  GAIN'  *  ,3016*04 

ROOTS 


REAL 

imaginary 

RACT 

PART 

3576-07 

."DOC 

597^-00 

•  "000 

5325-01 

.ooco 

1081*02 

."oro 

6439-01 

.4339*01 

6439-01 

4339*01 

2602-00 

.10<9-OJ 

26C2-00 

-.1049*01 

000’; 

•  -COO 

coon 

,"Of  r: 

X<  2>-T9-C<  3)  NUMERATOR 
ROOT  LOCUS  GA IN*  -.13414.02 
BOOE  GAIN  •  .24S5«03 

ROOTS 


* 

I 


REAL 

PART 

-.2771-01 

.6986-00 

.6906-00 

.5760-00 


IMAGIN/RY 
PART 
.0000 
.03044-01 
-, 03044O1 
.7Q34-00 


.5760-00 

-.3030401 

-.2351-00 

,1397-00 

,0000 

,0000 


-.7034-00 

.0000 

.0000 

.0000 

.0000 

.0000 


X<  3)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.7339402 
BOOE  GAIN  ■  2054403 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.5657-01 

.0000 

.1900402 

,0000 

-.3203-01 

.1430-00 

-.3203-01 

-.1430-00 

-.1117402 

.0000 

-.2012-00 

. 1032*01 

-.2612-00 

-.1052401 

-.6752-00 

.0000 

.0000 

.9000 

,0000 

,0000 

96 


X<  4)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GA!N>  -.341*402 
BODE  CAIN  a  -.9388*11 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.7133-06 

.0000 

.9713-06 

.0000 

-.1337-00 

.1049401 

-.1337-00 

-.1049401 

,9179-01 

.0000 

-.1229401 

,8263*00 

-.1229401 

-.8263-00 

-.1412-00 

,0000 

.1288-06 

.0000 

•  0000 

,0000 

X<  3)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1440402 


*r:r  i 
■  -I  -  »,  r  »  ^ 

' ■  *>  v  r  i 


}+  U  )3rOT-< 

*  “*  J  A«J  vL Of'  _] 


BODE  CAIN  «  .1127400 

RoSfo 


t  ;v 
TOO* 


*00  6 


REAL 

IMAGINARY 

PART 

PART 

JtZ'i’ 

1198-01 

,0000 

1177402 

,0000 

2829-00 

.1055401 

2829-00 

•♦1055401 

^  " 

6862-00 

•  3000 

C~-S  :■  > 

6750-01 

,2777-01  ’ 

‘  “  V  i»  »* 

6730-01 

-.2777-01 

0000 

,0000 

1118-07 

,0000 

0000 

,0000 

r  -  * 

97 

’fi 

.  i- 

X(  6>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.5370-00 
BODE  GAIN  *  -. 4535*01 

ROOTS 


REAL 

v  -  f> ,  ' 

imaginary 

PART 

PART 

« 1190*00 

.0000 

-.1489-00 

•  0000 

-.1079*02 

*  0000 

.2176-00 

.3336*01 

.2176-00 

-.3338*01 

-.1412-00 

,3062-00 

-.1412-00 

-,30»2-00r 

•  0000 

,3000 

.0000 

.0000 

.0000 

.0000 

XC  l)-TO-C(  4)  NUMERATOR 
ROOT  LOCUS  GA!N«  ,9060-00 
.BOOE  GAIN  »  *1767*03 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1767-06 

.0000 

-.1013*32 

,ooro 

-.6255-00 

."00Q 

-.1442-00 

.?323-3? 

-.1442-00 

-. 7323-00 

-.2745*01 

,1626*01 

-.2743*01 

-.1620*01 

.3562*01 

,  n0C0 

,1807-08 

,3000 

.0003 

,rooc 

98 


X<  2>-T0-C<  4)  NUMERATOR 


ROOT  LOCUS  GAIN*  - 

.1917402 

BODE  CAIN*  ■  -.3664 

-00 

« 

ROOTS 

• 

real 

imaginary 

PART 

PART 

•6613-04 

.0000 

2687^02 

.0000 

-.1069T02 

.0000 

-.1869401 

.0000 

-.9544-00 

.0000 

-.3670-01 

,2599-00 

-.3670-01 

-.7599-00 

.0000 

.0000 

*  f  *  t  • 

.0000 

.0000 

*0-626* 

.0000 

.0000 

.  0*., 

X<  3)-T0-C(  4)  NUMERATOR 

'  .y*  w-  \  —  ■»  * 

ROOT  LOCUS  GAIN*  - 

.3575-01 

*M  AO  iJZOj  >0  - 

BODE  GAIN  «  -.52994.02 

•  KIA3  MB 

ROOTS 

-  vOOP 

REAL 

imaginary 

• 

PART 

PART~a 

.1509-07 

."000 

- 

.29614-03 

.0000 

03*1  ' <J . * 

-.2316-02 

•2100-00 

rf  5*40  J  •  - 

-.2316-02 

-.2100-00 

;  *  v1  m  «■ .  - 

-.2120-00 

.3255-00 

S3*  44Yf  , 

-.2120-00 

-.3255-00 ; 

-.15064-02 

.*000  0, 

0  ^  4  ^  C 

v,  ^  ■*  4 

-.39174-01 

.0090 

6  5-*^S 

.0000 

.0000 

r  a;  o , 

.OOOC 

.0000 

•qci;  . 

X(  4)-T0-C(  4)  NUMERATOR  '  -  T  ** 

ROOT  LOCUS  GA!N«  -.9614-00 


BODE  GAIN  s  '  .3154402 


a  J"Ofi 


ROOTS 


CTCOP 


REAL 

IMAGINARY 

PART 

PART 

3663*01 

,2612-00 

]  b  d 

3663-01 

-.2612-00 

:■;:.*** 

4520+01 

,9000 

V  •'  +  l'  .  P 

4699+01 

,0000 

f  V  »'  A  |  .  ■ 

1791+01 

,0000 

j  r  -  {•  t*  ^  v 

9720-00 

,0000 

r  1 

0000 

,0000 

•  ..  -  •  • 

1152-06 

•  0000 

5626-07 

,0000 

0000 

,0000 

X(  5>-T0-C<  4)  NUMERATOR 
ROOT  LOG'.*  GAINS  •,1525-01 
BODE  BAIN  s  ,2485-00 
ROOTS 


REAL 

IMAGINARY 

j  *<  i  * 

PART 

PART 

•r  j 

5731-00 

,2009-00 

•  .  c  r . 

5731-00 

-,2009-00 

.■"'+'  A 

9709-01 

.2122-00 

c  P  „  h  A  v 

A  V  .  •  >  • 

9709-01 

-.2122-00 

-  .  •  r 

4760+02 

,0000 

>  ‘  S  r  * .  - 

5724+01 

,0000 

r  p  ►  ^  ^ 

2006-00 

•  0000 

;  *r  - 

2794-00 

•  0000 

*  ,  '  . 

0000 

.0000 

.  . 

0000 

.0000 

* 

100 


X<  6)-T0-C<  4)  NUMERATOR 


ROOT  LOCUS  CAIN*  .3142*01 


BOOS  GAIN  ■  -.9999*01 


ROOTS 


IMAGINARY 
PART  -  . 
,2629-00 
-.2629-00 
,3394-00 
-,3394-00 
*0000 
,0000 


REAL 

PART 

-.3739-01 
-,3739-01 
-.1934-01 
-.1934-01 
*. 1031*02 
-.1867*01 


X<  U-TO-CC  3)  NUMERATOR 


,2363*02 


ROOT  LOCUS  GAIN 


,4076*02 


BODE  GAIN 


ROOTS 


IMAGINARY 
PART 
,0000 
*0000 
,0000 
,0000 
,2847-00 
-.2847-00 
,1060*01 
-,1060*01 
00 
00 


REAL 
PART 
i  2336-07 
.  1052*02 
.1237*00 
,4334-01 
.1326*01 
.1326*01 
.2607-00 
,2807-00 
.000 


-.9353-00 

.0000 

,0000 

,0000 


,  0000 
,0000 
,0000 
,0000 


X<  2>-T0-C<  5)  NUMERATOR 


)  ft 


ROOT  LOCUS  GAIN*  .1118-01 
BODE  GAIN  •  -.14024-02 

ROOTS 

REAL  IMAGINARY 

PART  PART 

-.2808-01  ,7763-01 

-.2808-01  -.7763-01 

.2426403  .0000 

,1530402  ,0000 


-.3340401  ,0000 

-,3693-00  ,1008401 

-,3693-00  -.1006401 

.0000  ,0000 

,0000  ,0000 

.0000  ,0000 


X<  3)-T0-C(  5»  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1066400 
BOOE  GAIN  >  ,4373401 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1682-06 

.0000 

.2164403 

,0000 

,1254-00 

.9683-01 

.1254-00 

-.96«3-01 

-.4291-01 

,00G0 

-.1198402 

.0000 

-.2618-00 

.1C624C1 

-.2818-00 

-.1062401 

.0000 

.0000 

.0000 

.none 

102 


X<  4)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  CAIN*  ,8971-00 
BODE  GAIN  *  .4788-00 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

1765-07 

.0000 

1407-06 

,0000 

K  _ 

1142-06 

,0000 

3036-00 

,1054401 

\ 

3036-00 

-.1054401 

1284+01 

,6620-00 

1264401 

-.6620-00 

■  •  6 * 

2276-00 

.0000 

v  ,  *  **  ■  / 

7335-01 

,.cooo 

*  6 

4705-08 

,0000 

X<  5>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,1960-00 
BODE  GAIN  *  ,3503-02 

ROOTS 


real 

imaginary 

PARt 

PART 

.4236-02 

,0000 

-.1279402 

,0000 

-.2011-00 

.1061401 

-.2811-00 

-.1061401 

-.6956-00 

.0000 

.4986-00 

,0000 

-.6195-01 

,0000 

.1414-06 

.0000 

-.1213-07 

.0000 

.0000 

.0000 

103 


X<  6 )-TO-C(  9)  NUMERATOR 


ROOT  LOCUS  CAIN*  ,2061-03 
BOOE  CAIN  ■  -,1410-00 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

,9128-01 

,0000 

,3749403 

,0000 

.1129400 

,4420-00 

,1129400 

-.4420-00 

-,1113402. 

.0000 

-. 4288-00 

,1012401 

-, 4288-00 

-.1012401 

-.1048-06 

.0000 

.0000 

,0000 

,0000 

,0000 

LOCKHEED  ah*>6a  nFLICOPTrn  Ji.V  ;o 

case  t  spi->-t*  169,0  rT/rrr,  h-»*gt« 

GROSS  ^nCHT*t^600.  iF'kL.  livy. 


I9?f»  ♦’OSTAB-U  O^KfV/Tl  VFH 
D.'.'  PT/SPe.  GlM«A«  0.0  fjF.C 

iiu  tip  lo&s  (vrs) 


n 


STABILITY  DERIVATIVE  .,J!ATU»f;rS- 


tY\  Ji.M| 

,1 

*  1 

V 

P 

r> 

W 

X 

-,3V33«<0'5 

-.  3  cCi'402 

-.34614^3 

.14:1*04 

-, 79.J4  +  0? 

Y 

,86  32-r.r 

-.7j4**C2  -,*676*01 

-.1395*04 

“.3l»:3*03 

,1280*04 

Z 

-.2418*0? 

-,332',401  -.4259403 

-.1245*04 

-.4227*133 

,9934*03 

L 

-.5695*0? 

-.357446,3  -•,'>309402 

-.9066*05 

.6977*04 

-.6762+03 

M 

, 1563*03 

-.3236402  -.2365403 

-.5995*04 

-, 1068*06 

.2365*04 

N 

-.8039*02 

.7339*03  -.1*03403 

-.310*404 

+  -  Cl 

.7712*04 

-.4063403 

C  DOT 

V  DM  OuT 

P  DOT 

0  COT 

R  DOT 

X 

.9264-02 

-.610K-04  -.2215-00 

-.237P*02 

.7664-0? 

-.1020*01 

Y 

-.7741-02 

-.9309-04 

r  .1601*01 

-.?163*0? 

.6349-01 

Z 

.1223-0? 

-.212^-02  -,V34V-ot 

-.6271*01 

.3566*01 

-.3094-00 

L 

-.6773-00 

-,237?-0l  ,r;0044-02 

.  3 04 6+ r 4 

-.1312*04 

.1291*03 

M 

-.4194-00 

-,3234-Cl  .''voj+oi 

.1365+04 

,3f|93*p/. 

,5746*02 

N 

,2?'-‘6'-ni 

-,75l?-P3  - . 5165-00 

-,5*96*02 

-,3a7i*o? 

,6021491 

C(  1) 

C(  2)  C<  3) 

C(  4) 

cr  5) 

X 

- , 7084*04 

-.5032404  ,i4ib*05 

-,69l«*03 

-.16*7*05 

Y 

-.4102404 

,1534+05  .5426404 

.1261*05 

,95^9-0? 

Z 

-.1630*06 

-.3  223404  .6/35*05 

.2551*02 

-.7979*03 

’  ! «  . 

*Ty  j 

L 

-  Pi J 4+05 

.6522406  ,?5?3*06 

.2707*05 

-.1610*05 

M 

',$9*37*06 

, 272^+06  -,7985,4.06 

.1530*04 

,:it0405 

N 

,7634403 

-,35*3*G4  .5164*03 

-.3644*06 

.9744*0? 

THE  INERTIA  TENSOR 

V  •  ■*.  * 

'0" -<  .►  v 

.m^+cb 

,0000 

lf>4i*'  4 

.000? 

,5000+05 

ooor 

-,1«41*C4 

,0000 

549?*ri5 

•’ ?  {.s? 

TRIMMED 

VELOCITIES  WITH  RESPECT  TC  OVERALL  VEHICLE 

REEV'fc6'CE 

AXES- 

0 

V  V; 

p 

r 

h 

,1.6*8*03 

-.000?  -.7160401 

-.0000 

.00^0 

-.0000 

trimmed 

iteration 

COLUMN  VECTOR,  TE- 

,1344-00 

-.9394-02  .N553-01 

.3773-01 

-.*237-01 

- .  25(j7-(.  l 

STABILITY  axis  SYSTEM  e»'i.F.R  ANCl  ES-  T4£Ta«  ,>’345-05  PHI  -.SSCf^-Ol 
AIRCRAFT  INERTIAL  SPEED*  ,l69u*G3 


105 


DSNOMINATOR  CHARACTERISTIC 
ROOTS 


REAL 

IMAGINARY 

MART 

FART 

•, 3692-01 

,0000 

-.1062*02 

,0000 

-.4014-00 

.1510*01 

-.4014-00 

-,1510*01 

-.4126-01 

.1991-00 

-.4124-01 

-,1991-00 

-.1590*01 

,5560-00 

1590*01 

-,5540-00 

.0000 

,0000 

.0000 

.0000 

.0000 

,0000 

.0000 

,0000 

(SSTitTNUHERATOR  ROOTS  LESS  THAN  1,01-7  TIMES  TMt* 

LiRSIOT  NimtRATOR  ROOT  ARE  NOT  INCLUDED  IN  THt  BOOK  SAIN), 


XC  1>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,1391*02 
BOOK  SAIN  •  -.4430*04 

ROOTS 


REAL 

IMAGINARY 

FART 

FART 

.3456-07 

,0000 

-.9212-00 

'  .0000 

-.4117-01 

,0000 

-.4149-00 

,1492*01 

-.4149-00 

*, 1492*01 

-.1070*02 

.0000 

..4492-00 

.5697*01 

,4492-00 

-.5697*01 

.0000 

,0000 

,0000 

,0000 

106 


X(  2)-T0-C(  1)  NUMERATOR 


ROOT  LOCUS  GAIN*  ,9172+01 
BODE  GAIN  *  . 4403*03 


ROOTS 


REAL 

PART 

•#1004*06 

,6410-01 

#6410-01 

.3066-01 


IMAGINARY 
PART 
.0000 
,4604-00 
-, 4604-00 
,0000 


-.4942-00 
-.1230402 
-. 1250402 
-.3823401 
,0000 
.0000 


,0000 
,1502402 
-, 1502402 
,0000 
,0000 
.0000 


X<  3)-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,3362403 


BODE  GAIN  *  -.1197-02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1340-04 

.0000 

-,1076+02 

.0000 

-.1619-00 

,0000 

-.2211-01 

,0000 

.7003-01 

,0000 

.4060+01 

,0000 

-.4114-00 

,1499+01 

-.4114-00 

-, 1499+01 

.0000 

,0000 

.0000 

.0000 

1C7 


BODE  GAIK'  *  -.1569-03 


ROOTS 


REAL 

lMAGlMlRV 

PART 

PAR* 

-.4046-00 

.0000 

.5038-00 

,"00  C 

.7023-01 

,9470-00 

.7023-01 

-,4470-30 

-. 1253*01 

,1718*01 

-,1253*01 

-.1718*01 

.1574-03 

,0000 

.2466-07 

,0300 

.0030 

,0000 

.2887-07 

.0300 

X<  3>-TO-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,1215*02 
BODE  GAIN  ■  -.4713-00 

ROOTS 


HEAL 

I*ASI  V.HY 

part 

pAK* 

.2220-01 

.nOOO 

.7029-01 

,37©S-J1 

.7029-01 

-.3764-31 

.1115*02 

.nr 

•  . 

.  <l09*'-0C 

.  *.  5 '  7  +  1 

, 4Q9H-0O 

-,i5?7*:i 

.1006*01 

.'or: 

.1456-07 

^  ^  !' 

•  ■  -  ■ 

.9313-07 

.noc: 

.0000 

.0003 

108 


X(  6 )-TC-C(  1)  NUMERATOR 


ROOT  LOCUS  GAIN* 

-.9975-00 

BODE  GAIN  «  .1881*02 

ROOTS 

REAL 

imaginary 

PART 

PAR* 

-.2210-30 

.4607-00 

-♦2210-00 

-.4607-00 

-♦4607-00 

.0000 

.3056-00 

,3350-00 

.3056-00 

-♦3350-00 

-.1755*02 

.0000 

-.4327*01 

.0000 

.0000 

.0000 

-.6985-09 

.0000 

,0000 

.0000 

X(  1>-T0-C(  2)  NUMERATOR 

ROOT  LOCUS  GAIN* 

.1425*02 

BODE  GAIN  ■  -.2325*04 

ROOTS 

\ 

REAL 

IVaCIn/RY 

PART 

Mr* 

- . 1089-06 

.r000 

-.7662-00 

.f,oro 

-.6490-01 

."one 

- . 9992*01 

.rooc 

-.1204*01 

.3532*Cl 

-.1284*01 

-.3532*01 

-.3635-00 

.1475*01 

-,3635-OC 

475*01 

.0000 

.'-000 

.0000 

.~0r'0 

rN* 


109 


-^•w  *  wtAn  f-^y^gg 


MM 


X<  1)«T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3156*02 
BODE  CAIN  «•  .2163*04  ‘ 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

6119-02 

,1834-00 

6119-02 

-.1834-00 

4083-00 

•  0000 

4978*01 

.9134*01 

4  '78*01 

-.9134*01 

1759*01 

.1221*01 

1759*01 

-.1221*01 

0000 

.0000 

0000 

.nooo 

0000 

.0000 

X<  3>-TO-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,3492*01 
BODE  GAIN  «  .2170*03 

ROOTS 


REAL 
PART 
.1526-01 
.1526-01 
.1200*00 
.3318*03 
.7140*01 
.3840-00 
.3840-00 
.OOOC 
.0000 
.0000 


IMAGINARY 

PART 
,9454-01 
-.9454-01 
,0000 
'  .0000 
,0000 
,1492*01 
-.1492*01 
.0000 
,O00C 
.H000 


X<  4)-TC-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.7926+02 
BODE  GAIN  •  .4878-09 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1413-05 

.0000 

-.1519-03 

,0000 

-.4542-00 

.1476+01 

-.4542-00 

-.1476+01 

-.3841-01 

,2070-00 

-.3841-01 

-.2070*00, 

-.1603+01 

.3632-00 

-.1603+01 

-.3632-00 

.4098-07 

.0000 

.0000 

.0000 

X<  5J-T0-CC  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.8129+01 
BOOE  GAIN  *  -.1058+01 

ROOTS 


REAL 

imaginary 

PART 

PART 

,6390-01 

.0000  ' 

-.8735-01 

,8341-01 

-.8735-01 

-.8341-01 

-.6393+01 

,0000 

-.3923-00 

,1494+01 

-.3923-00 

-.1494+01 

-.9113-00 

.0000 

-.1318-07 

,0000 

,1130-07 

,0000 

.0000 

,0000 

HI 


X(  6>-Tf-C(  2)  NU^ERATC* 
ROOT  LICUS  GAIK'*  -.2503  *rj 
90DE  GM**  s  .*221*02 

ROOTS 


REAL 

IWAGIM^Y 

PART 

rA»,r 

.1*20-07 

,*oor 

.2579-06 

.rooc 

-.4014-01 

.2041-00 

-.4014-01 

-.2041-0*' 

-.2171*01 

.14*3401 

-.2171*01 

-,  14*3*0.1 

.1674*01 

,«799*Cil 

.1674*01 

-.1799*01 

-.9310-00 

.GOOD 

.0000 

•  0000 

X(  D-TO-CC  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2759*02 
BODE  GAIN  *  .5165*04 

ROOTS 


PEAL 

1 K / ST \  - 

PACT 

»At4 

.7815-07 

."0r: 

-.8120-00 

.  r0'r'- 

-.3*77-01 

^  ^  r»  ^ 

-.4C24-00 

•  1  c  9  •»  *  * 

-.4024-00 

-.i<99 *r 

-.1074*02 

-.1551-00 

, « 

-.1551-00 

.0000 

^  n  r  '* 

,0000 

^  i*  r  - 

#  J 

112 


X(  2>-T0-C<  3)  NUMERATOR 
ROOT  LCCUS  CA tM»  -.1207*02 


ROOTS 


ft 


:a f n  «  -. 

8300*02 

REAL 

IMAGINARY  '  - 

4  A;?*1 

PART 

PART 

T .? '? 

.6749-02 

.0000 

loo.&ts 

.2166*02 

.0000  > 

i 

.5549-00 

,3000  -r 

c  0 ‘fc  i  - 1 

-.2373-03 

,3000 

H)  *  K  A  *  »  , 

j  *  -• ,» f  c 

C «•  ■'*  f  *  S 

-.4680*01 

/  .  -  «-  v  r* 

y  ij  r  ^  *i» 

.1629*01 

,2225*31 

1  0  •  A  £  »■  X 

.1629*01 

-• 2225*91  / 

j 

-.3562-07 

,  0000 

C  0  ;  •.}  ?  J' 

.0000 

,3000 

^  r  * n  >■  x 

.0000 

,0000 

t  f 


X(  3>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1385*03 
BODE  GAIN  «  -.1374*03 

ROOTS 


40 TAfijWvV  ft 


REAL 
PART 
.2950-01 
.2953-01 
.5244-01 
,1*17*02 
.1111*02 
.4032-00 
.4032-00 
.OCC^ 
.000'' 
.0000  • 


imaginary 

PART 

.5947-01 

-.5947-01 


.oooo.r 

.3300 


.3300 

.1504401 

-.15044.01 

,'300 

.•*000 

."ocr 


„•*.  f 


r«\ 


S-0«i9J  f* . 


*  4 


r  "r 


113 


XC  4)»T0-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3281402 
BOOE  GAIN  >  .1170-13  * 

ROOTS 


•  it  *o-CT-<S  »* 


<1* 


TOO  fc 


REAL 

PART 

-.2380-07 

.4733-06 

.1314-03 

.3206-03 

-.2433-00 

-.2433-00 

-.1334401 

-.1334401 

-.1761-00 

.1146400 


IMAGINARY  I 
PART  a 
.0000 
.0000 
.0000 
.0000 
.1447401 
-.1447401 
.1333401 
-.1333401 
.0000 
.0000 


* 


£Q4*a»S. 

.  ^  *  *  V  4 

*-rUS.- 


r  >  - -  j, . 

f  +  C  S  ^  ' 

r  *-  „  *  .  y  ^ 


XC  i)*TO-CC  3)  NUMERATOR 
ROOT  LOCUS  GAINb  .1600402 
BODE  GAIN  ■  .2419*00 

ROOT! 


REAL 
PART 
.1232-01 
-.1163402 
-.4039-00 
.-.4039-00 
-.9100-00 
-.6395-01 
-, 6395-01 
.0000 
.2561-06 
.0000 


IMAGINARY 

PART 

.0000 

.0000 

.1306401 

-.1506401 

.0000 

,2416-01 

-.7416-01 

.0000 

.0000 

.0000 


n4 


Root  locus  c a t rvi»  -,?6044r? 

RODE  GAIN  *  . 6202*02 

vi. 

ROOTS 


PEAL 

I  C. !  i .  Vs' 

PART 

f-  u  ••  T 

- ,4665*02 

.'*001. 

4477*02 

.0000 

-.1077*02 

.ocoo 

-.1579*01 

.5755--- 

-.1570*01 

-.5755-0^. 

-.4116-01 

,j  Ma-nr> 

-.4116-01 

-.1 636-0" 

.0000 

.noco 

.0000 

.oof  c 

,0000 

,oorc 

X<  3)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3733-0 l 
BODE  GAIN  *  - . 3344+02 

ROOTS 


peal 

IMAGIN'.KV 

PAPT 

PAWT 

1345-01 

.1416-0*1 

1345-01 

-.1416-or 

1928*03 

,roon 

2086-00 

,2899.-0'/ 

2088-00 

-,?A99-e 

2823*02 

,ncoo 

6351*01 

.8  0O(: 

COOT 

.cn*««. 

onon 

."VO 

one.*' 

XI  6  ) -T 0-C (  3)  ‘ H J M t W A T 0 e* 
ROOT  LCriS  GAt\»  - . 2 0 1  f j ♦ 0 1 
BODE  GAIN'  *  - • 

ROOTS 


REAL 
pa  pt 

. 1240*00 

-.i*2?-no 

-.1985-00 
-.1985-00 
-. 6177*01 
,4683-OQ 
. 4683-00 
.0000 
.ooon 
.0000 


!  ''AGlN.'rtY 
FAB*" 

.rcoo 

.ronc 

,6045-00 

-.60*5-00 

.rcoo 

,7868*01 

-.7868*01 

.rooo 

.0000 

."000 


X<  1  )-TO-C(  4)  f'U^ERATOP 
ROOT  LOCUS  GAIN*  ,1490*01 
BODE  GAIN  *  .7266*03 


ROOTS 


REAL 
PART 
.2476-06 
-.1053*02 
- • 12*6*00 
-.1746*00 
-.9741-00 
-. 2516+qi 
-.2516*01 
.29Q4+01 
,COOC 

.occn 


imaginary 

PART 
.0000 
,rono 
.1944-00 
-, 1944-00 
.0000 
•  1812*01 
-.1812+01 
."OCO 

,oorc 

.rono 
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»wwrwi 


I 

X<  4)-Tr-C(  4)  Mt\ATQt 
ROOT  LOCUS  ;,4I  <s  -, 1557*01 
ftOOE  gain  *  .7179-04 

ROOTS 


real 

1 4  /.  g  i  \  ■  w  v 

PAfJT 

OiRT 

-.2555-07 

.  0 1  » 3  -  0  j 

-.2555-07 

-.*m  j-o« 

.  1  fr  0  ^  -  ■ )  *5 

,'10n0 

-.60044-01 

.r'0:;o 

-.15514- ']i 

•  *03:5-00 

-.15514-01 

-,*c3.j-o: 

,457?4i)J 

.0000 

-,  406/---U 

.  leOi.-Qr, 

-,406H-i)l 

-.1  |»R.»-00 

,ooo: 

.  OQ«0 

-T0-C(  4)  M 

UM6RAT0R 

LOCUS  GAINS 

-,69«7«,-0l 

BODE  GAIN  *  .2145-00 

ROOTS 


REAL 

I-UQ I iv» . wv 

PART 

PAR" 

■.6450-00 

. 33H6-Q0 

-,6480-00 

-.33*6-00 

,6*»55-(U 

. 1 731-00 

,  »tf55-n  1 

-.1731-01 

.11134-1)2 

.  noon  . 

.  754?4r;i 

."010 

,  l*'i?!-rv> 

,  ^0r*o 

,  745?. -0»! 

.0000 

.4455-07 

.''000 

.931.3-, ",9 

.r00J 
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*»*#** 


X<  6)-T0-C<  4)  JUMERATOP 
ROOT  LOCUS  GAIN*  ,695f+0l 
BODE  CAIN'  *  - . *562+01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.4048-01 

,1903-00 

-.4040-01 

-,1903-Cn 

-.3819-01 

,3285-00 

-.3«19-01 

-.3255*00 

-.1068402 

.0000 

-.1379401 

.5762-00 

-.1379401 

-.3762-00 

•  oocc 

.0000 

,0000 

.0000 

.0000 

.0000 

X<  1 )-YO-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  .3411*02 
BODE  GAIN  *  6390*02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

- » 7786*08 

.0000 

-.1063402 

.0000 

-.4005-00 

.1512-01 

-.4003-00 

-.1512*01 

-.2643-01 

.0000 

-.1522401 

.7318-00 

-.1522401 

-.7318-00 

-.9518-01 

.0000 

.0000 

,0000 

.0000 

.0000 

n8 


X<  2>-T0-C<  b)  'JUMERATOR 
ROOT  LOCUS  GAIN.  .1477-01 
BOOE  GAIN  »  -.3377*02 

ROOTS 


REAL 

IMAGINARY 

part 

PART 

-.2417-01 

,6547-01 

-.2417-01 

- , 6347-01 

.1036*04 

,0000 

,7310*01 

.0000 

-.3197*01 

.0000 

4642-00 

,9707-00 

-, 4642-01) 

-.9707-00 

,0000 

,0000 

,0000 

,0000 

.0000 

.0000 

X<  3)-T0-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1620*01 
BODE  GAIN  «  .7637-00 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1139-01 

,0000 

,2262*02 

.oono 

.2687-00 

,0000 

-.2256-01 

.nooo 

-.1254*02 

,0000 

-.4103-00 

.1513*01 

-.4103-00 

-.1513*01 

-.1697-08 

.0000 

,0000 

,0000 

.0000 

,0000 
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* 


p mm 


IWW 


X(  4)-T0-C(  S)  m/c^TO' 
ROOT  LOCUS  GM‘v* 

BODE  GAIN  *  .'■3''6-C5 

ROOTS 


REAL 

I  mag  1 M • -  * 

part 

oak* 

5®2i-n 

•1255-3? 

5*21-01 

-.1255-:*' 

43C3-00 

.  1 4  5  :  *  7  : 

43or-on 

-•145;*:  ■; 

1502*01 

.<*152-3 

1502*01 

1522-35 

.00?" 

5633-07 

•  ?03r: 

2142-C7 

•  '•one 

0000 

•  ooco 

X(  5)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -,lfi7*-C0 
BODE  GAIN  «  > 1202-C1 

ROOTS 


real 

1 1*  t  G I ! 

pa»t 

PAN' 

,1005-01 

•  roe- 

,  15144-02 

4072-nn 

•351**.' 

4072-30 

9068-00 

•  ^  r 

•  .  . 

3692-00 

.  ~l 

508f,-o: 

.  *  c : : 

2265-07 

•  "COO 

7272-06 

."000 

000" 

.  "C"C 

120 

--  •***  ** 


ni^Mwrwwiff  I***"* 


1(  6>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,4098-01 
BODE  GAIN  >  -.4800-00 

ROOTS 


REAL 
MART 
.7f 16-01 
,7916-01 
,4974401 
,9800-00 
-.432*401 
-,6891-00 
-.6*91-00 
.3493-07 
,0000 
.0000 


IMAGINARY 
RART 
,1428-00 
.-,1428-00 
,0000 
,0000 
,0000 
,9377-00 
-,9377-00 
,0000 
.0000  1 
.0000 
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IOC*. 6 D  AM56  A  HfeLlCOPltW  Jiiv..  1.:  i‘>7P  ’*OST AB-d  DERIVATIVES 


CASc  10 

SPEED*  V. 

6  FT/r;EC. 

w-rviT*  -9, 

6  FT/SEC. 

CaMMA*-90 , 1 

0  DFG « 

GROSS  WEIGWT«ib6J0 

•  iL A  LEVEL.  1V  -'-lIC 

TIP  LOSS  (YES) 

STABILITY  DERIVATIVE  M  A  T  H  !  C  T. 

S- 

o 

V 

i 

F 

0 

H 

X 

- . 1C35+C3 

-.1469*01 

-  '  /-  HI 

.  l P54*r)4 

.2779+01 

-.1959+03 

V 

-.2949*01 

- .  22t'r.*02 

.  •'  H./+01 

,4188*03 

-.3731+03 

,1314*04 

z 

-. 1160+01 

- .  i7ar.*:u 

- .  «?7^'i*Dl 

,9805*02 

-.1569+04 

-. 4632+03 

L 

-.1032+03 

.3336+03 

.7244*01 

-.1217*05 

-.8920+03 

-,1181+04 

M 

-, /556+02 

-.6321+02 

-.4818+03 

,6409*04 

-.8794*05 

,1001+05 

N 

-.2*06+02 

.42»ll+03 

-.«3*5+C? 

-.1152+04 

-.1094*03 

-.8655+05 

U  DOT 

V  DOT 

W  DOT 

P  DOT 

0  DOT 

R  DOT 

X 

.6702-03 

.6339-04 

-.2193-04 

-.2676-01 

.1518*01 

-.2967-00 

Y 

-.9814-02 

-.84/1-03 

.3777-03 

. 1 390+C1 

-.2404*02 

-.1540+01 

2 

.1403-01 

.2794-03 

-  ,  '*  3  FV  a  -  G  4 

-.4536-00 

.1514*01 

-.2406+02 

L 

-.1263-02 

.8701-02 

- .  4rj9l-ii? 

.1663+02 

-.1434*03 

.1466*03 

S 

.17A1-00 

-.9041-02 

.1673-01 

-.1934*03 

.2944*04 

-.1422+04 

N 

.1123+00 

.5932-02 

-.1633-02 

-.3237*02 

.1428*04 

•  2^60  +  04 

C<  D 

C(  2) 

C(  3) 

C(  4) 

C<  5) 

X 

-.1113+06 

-.1069*04 

-.6620+03 

-.6002*03 

.5460+02 

Y 

- . 8650+04 

.1904+03 

,53b4+C< 

.0933*04 

.2367*01 

Z 

.6673+02 

.5404+04 

-.1908*03 

.5136*01 

.2504*04 

L 

.2684+06 

-.3231+05 

.3323*05 

- .2698*06 

-.8440+03 

M 

- . 3038+04 

•2738+06 

-,684/*06 

-.2355*05 

.2575+04 

N 

-.3364*04 

-.6835+06 

-.2752*06 

-.3691*04 

-.3001+02 

THE  INERTIA  TENSOR 

t 

5497*05 

2900+03 

7388*03 

f 

29(10  +  03 

5002+05 

4310+02 

"  i 

7388*03  -. 

4310+0?  , 

1151+05 

TRIMMED 

velocities 

WITH  RESPECT  TO  OVERALL  VEHICLE 

REFERENCE 

axfs- 

. 

J 

V 

V. 

P 

0 

R 

-.1631-00 

-.3391-00 

.9582+01 

-.0000 

.0000 

-,oooo 

TRIMMED 

ITERATION 

COL'JMS  vector.  TE- 

.2286-00 

.3642-03 

-.5838-02 

.1617-00 

.1699-01 

-.5628-01 

stability  axis  system  eullr  angles-  theta*  ,1572+01  phi  .nemo 
AIRCRAFT  INE^TUl  SPEED*  .9600*11 


I 


LOCKHEED  AH56A  HELICOPTER  JUNE  10  1970  MOSTAB-B  DERIVATIVES 
CASE  11  SPEED"  33.6  FT/SEC,  H-DOT*  -9.6  FT/SEC*  GAMMA"-16.5  DEC, 
CROSS  WEIGHT"19600.  SEA  LEVEL.  DYNAMIC  TIP  LOSS  <YE8> 


STABILITY  DERIVATIVE  MATRICF.S- 


U 

V 

w 

P 

0 

R 

X 

-.8079*02 

.1432*01 

-.2732*02 

-.2874*03 

,1559*04 

,3199*03 

Y 

.3333*01 

-.2831*02 

-.8629-00 

-.1402*04 

-.3472*03 

,9266*03 

Z 

-.1605*03 

-.1380*01 

-.1085*03 

.4110*03 

-.2643*03 

,7961*03 

L 

-.1421*03 

-.2742*03 

,6715*01 

-.7962*05 

,9176*04 

,1989*05 

M 

,3060*03 

-.6649*02 

-.5966*02 

-.6533*04 

-.6663*05 

,4952*04 

N 

-.2144*03 

.4310*03 

-.3425*02 

.1896*05 

-.5166*04 

-.2177*05 

U  DOT 

V  00T 

W  DOT 

P  OOT 

Q  DOT 

R  DOT 

X 

-.1494-01 

-.6614-04 

-.4810-01 

-.2077*02 

-.3065-00 

,6435*01 

Y 

,1466-01 

.1347-03 

,4690-01 

.6518-00 

-.2560*02 

-.2071-00 

z 

.1067-01 

-.9861-03 

.3429-01 

.1461*02 

,1045*01 

-.4501*01 

L 

.1112*01 

,4930-03 

.3603*01 

.2700*04 

-.1347*04 

-.8354*03 

M 

.6347-00 

-.2667-01 

.2105*01 

.1356*04 

,2963*04 

-.4179*03 

N 

-.3714-00 

-.2485-02 

-.1194*01 

-.6763*03 

.4238*03 

,2804*03 

C<  1) 

C(  2) 

C<  3) 

C(  41 

CC  5) 

X 

-.3006*05 

-.4790*04 

.1737*03 

-.1846*03 

-,6235*04 

Y 

-.6661*03 

.1811*05 

.5607*04 

.7754*04 

,7283-03 

z 

-.9602*05 

.3381*04 

-.2966*04 

,2297*02 

.1967*04 

L 

.4612*05 

.6494*06 

,2615*06 

-.6307*05 

-.1516*04 

M 

,7875*05 

.2754*06 

-,6650*06 

-.4741*04 

•6710*04 

N 

. ,2194*06 

-.2114*06 

-.3157*05 

-.2270*04 

-,4283*03 

THE  INERTIA  TENSOR 

,1532*05  -.3622-05  ,1231*05 

-.3622-05  .5000*05  ,1357-05 

, 1231*05  ,1357-05  ,5118*03 


TRIMMED  VELOCITIES  With  RESPECT  TO  OVERALL  VEHICLE  REFERENCE  AXES* 


U 

.3226*02 

V  W 

-.3725-08  ,1002*02 

P 

-.0000 

Q 

,0000 

R 

.,0000 

TRIMMED  ITERATION 

COLUMN  VECTOR,  TE- 

.2049-00 

-.1744-02  ,1020-01 

,1254-00 

.1254-01 

-,4363*V1 

STABILITY  AXIS  SYSTEM  EULER  ANCLES-  THETA"  -.2681-00  PHI  -,#57l-fl 
AIRCRAFT  INERTIAL  SPEED"  .3380*02 


i 


i 
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Ms***-*- 


/ 


LOCKHEED  AW56a  HELICOPTER  ju\f  i"  19713 
CASP  12  SPEED-  67.8  FT/SfeC,  H- n T-  -9  6 
CROSS  -EIWT-156U0.  SEA  LEVEL.  DYNAMIC 


MOST AR-B  derivatives 

PT/SEC,  GAMMA*  -8.050FG 
TIP  LOSS  (YES) 


STABILITY  DERIVATIVE  MATRlCfb- 


X  -.6395+02 

Y  .««5V-Oi) 

1  -.1103+33 
L  -.V118+02 
M  .1501+03 
X  1937+OJ 

U  DOT 

X  -.17(17-01 

Y  .1239-01 

2  .4*14-02 
L  .  1234*01 
M  .i>*36-00 
N  -.2391-00 

C<  1) 

X  -.1432+05 

Y  - . 1663+04 

l  -. 1100+06 
L  -.1078+05 
M  ,2217+06 
N  .1245+06 


V 

•1007+01 
-.38/0+32 
- . 1275*01 
-.2510+03 
-.4532+02 
. 4994+03 

V  DOT 
-•1056-04 
-.1266-03 

-.84rt'.i-03 

•  129(1-02 
" .2551-01 
.4422-03 

C<  2) 

-.6019+04 

.1607+0$ 

.1330+04 

.6690+06 

•2763+06 

-.1220+06 


- .  4'19'r  +  Q? 

“ .  1 721  +  01 
-.2497+03 
-.3802+02 
-.1927+03 
-.2070+03 

*  DOT 

-.1143+00 
.6001-01 
.2886-01 
. 7919+01 
.4374+01 
-.1534+01 

C<  3) 
.1752+05 

,o249  +  (j4 
,1650+05 
.2716+06 
“. 6970+06 
-.2564+05 


P 

-. 2*53+03 
" .1666+04 
-.1357+03 
-.0715+05 
-.8416+04 
.1086+05 

P  TOT 
-.2801+02 
-.8424-00 
.6153+01 
.2905+04 
•1387+04 
-.5432+03 

CC  4) 
-.1992+03 
. 72HJ+04 

.1790+02 
-.2778+05 
.  1792+04 
•2197+06 


0 

.1855+04 

-.2405+03 

-.2308+03 

.9451+04 

-.9408+05 

.4188+03 

Q  DOT 
.1119+01 
-.2923+02 
.9143-00 
-.1367+04 
•2980+04 
.2294+03 

C<  5) 
-.9673+04 
.3017-02 
.1564+04 
-.3954+04 
.  .1020+05 
-.3730+03 


R 

.9453+02 

.97i«+03 

,8893+03 

,9968+04 

,37q«+04 

-,2385+05 

R  DOT 
,4365+01 
.1300-00 
-.9372-00 
-.4529+03 
-.2161+03 
,9331+02 


the  inertia  tensor 

.1254+05 

-.2058-05 

,6637+04 

-.2054-05 

.5000+05 

, 3647-06 

,6637+04 

,3647-06 

,5396+05 

TRIMMED  VELOCITIES 
J 

.6699+02 


WITH  RESPECT  TO  OVERALL  VEHICLE  REFERENCE  AXE 

y  p  q 

.3725-08  .1047+02  -.0000  .0000 


S- 


R 

0000 


TRIMMED  iteration  COLUMN  vector,  tf- 

.1648-00  -.2967-02  .1915-01 

STABILITY  AXIS  SYSTEM  EULER  ANf.LES- 
AIRCRAFT  INERTIAL  SPEEDS  , 6  730+02 


.5094-01  .1295-01 

THETA*  -.1421-00  PH! 


- ,2007»01 
-.2027-01 


4P 
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vm 


LOCXHF.EO  AH56A  HELlCOPTf-H  1 1  j  i9?0  MOSTAB-B  DERIVATIVES 

CASE  13  SPF,En*101.b  FT/SEC,  H-PDT»  -9. A  FT/SPC.  GAMMA*  -5.41DEG, 
CROSS  ^ 1 1 G H T  * l,b 6 U 0  .  SEA  LEVEL.  DYM.'.IC  Tjp  i.nss  (VfcS) 

STABILITY  DERIVATIVE  MATRIOFS- 


j 

V 

P 

r. 

R 

X 

-. 4197*02 

.171**01 

-.3752*02 

-  •  3183*03 

•1716*04 

.6596  +  112 

Y 

. 71H5-01 

-.4990*02 

-.308.1*01 

-.1566*04 

-.2264*03 

,  10  34*li4 

2 

-.7087*02 

-•1215*01 

- . 3?l3*C3 

-.5238*03 

-.2479*03 

,9326*03 

L 

-.6465+02 

-. 2552*03 

-.3674*02 

-.68t2*05 

.8800*04 

,5133*04 

M 

.1541*03 

-.3582*02 

-.1628*03 

-.7736*04 

-.9713*05 

,3055*04 

N 

••1057*03 

.5986*03 

-.2414*03 

.4130*04 

.3953*04 

-.2918*05 

U  DOT 

V  DOT 

V  POT 

P  DOT 

1  DOT 

R  DOT 

X 

-.1283-01 

-.178Q-Q3 

-.1720-00 

- .2782*02 

.1094*01 

.2033*01 

V 

.7451-02 

-.2166-03 

.  1. 0  3  4  ♦  0  0 

-.4923-00 

-.2670+02 

.3637-31 

7 

.4393-03 

-.8071-03 

.6693-02 

-.3619-00 

,2002*01 

,2462-01 

L 

.;i756-00 

-.2062-02 

.1201*02 

.2963*04 

-.1343*04 

-.2187*03 

(1 

.4H74-C0 

-.1563-01 

.6502*01 

.1377*04 

,2996*04 

-.1013*03 

N 

-.1095*00 

.2679-02 

-.1506*01 

-.3542*03 

.1176*03 

. 3439  *02 

‘C(  D 

C(  2) 

C<  3) 

C(  4) 

C(  5) 

X 

-.1676*05 

-.5890*04 

.1812*05 

-.2804*03 

-.1230*05 

Y 

-.2558*04 

.1543*05 

.5909*04 

,9225*04 

,4737-02 

z 

-.1379*06 

-.2411*02 

.3471*05 

.1834*02 

.9504*03 

L 

-.4420*05 

.6722*00 

.2668*06 

-.1247*05 

-.7185*04 

M 

,3323*06 

.2724*06 

-. 7l34*Q6 

-.8973*03 

.1225*05 

N 

.8067*05 

-.7241*05 

.1229*05 

-.2804*06 

-.2124*03 

THE  INERTIA  TENSOR 

• 

1173*05 

2107-05 

31B1+04 

-f 

2107-05 

5000*05  , 

1751-06 

• 

3181*04 

1751-06 

5477*05 

TRIMMED 

VELOCITIES 

WITH  RESPECT  TO  OVERALL  VEHICLE 

REFERENCE 

AXES- 

u 

V 

w 

P 

G 

R 

.1012*03 

-.5588-05 

.7441*01 

-.ooon 

•  0000 

-,0000 

TRIMMEO 

ITERATION 

column  vector,  te- 

.1572-00 

-.3394-02 

.2530-01 

.3443-01 

-.2135-01 

-.1637-01 

STABILITY  AXIS  SYSTEM  EULER 

ANCLES-  THETA*  -.9474-01  PHI 

-.16*4-01 

AIRCSAFT  IMEWTUL  SPEED*  .1015*33 


Noi 
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IOCKMCEO  AH56A  HELICOPTF.H  JUNE  10  1970  MORTAB-B  DERIVATIVES 
CASE  14  8PEED*169,0  FT/SEC.  H-D0T«  -9, A  FT/SEC.  GAMMA*  -3.25DEC, 
GROSS  WEIGHT*156U0,  SEA  LEVEL.  DYNAMIC  TIP  LOSS  <YCS> 


STABILITY  DERIVATIVE  MATRICES* 


u 

V 

P 

Q 

R 

X 

-.3326*02 

.1525*01  -.1871*02 

-. 3528+03 

.1316*04 

.9991*01 

V 

.3373-00 

-.6991*02  -.4441*01 

-•1211*34 

-.2281*03 

,1339*04 

z 

-.6078*02 

-.1402*01  -.4275*03 

-.1133*04 

“,5014*03 

,8842*03 

L 

-.5286*02 

-.2616*03  -.2977*02 

-.8756*05 

6966*04 

.2025*04 

M 

,6579*02 

-.2202*02  -.2242*03 

-.5310*04 

-.1038*06 

,2269*04 

N 

-.5775*02 

.7445*03  -.2033*03 

-.1312*04 

,7714+04 

-.4034*05 

U  DOT 

V  DOT  W  DOT 

P  OOT 

Q  DOT 

R  DOT 

X 

-.5139-03 

-.1213-03  -.2311-00 

-.2217+02 

.4567-00 

,2245*01 

Y 

-.5342-04 

-.3091-03  .1278-00 

.8441-00 

-.1960*02 

-.2550*02 

Z 

-.1898-02 

-.2875-02  -.4115-01 

-.5039*01 

,4327*01 

-,2300-01 

L 

.1484-01 

-.9680*02  .1957*02 

.3054+04 

-.1264*04 

-.4409*01 

M 

.1627-01 

-.2434-01  .1005*02 

.1339+04 

.3035*04 

-.2884+01 

N 

-.5113-03 

.2935-02  -.1400*01 

-•1981+03 

.1970*02 

.8711+01 

CC  1) 

C(  2)  C(  3) 

C<  4) 

C<  5) 

X 

-.1626*05 

-.4638*04  ,1601*05 

-.5347*03 

-.1655*05 

Y 

-.3921*04 

.1311*05  .5000*04 

.1260*05 

.7933-02 

Z 

-.1650*06 

-.9644*03  .6752*05 

.2260*02 

.1312*02 

L 

-.7425*05 

.6663*06  .2455*06 

.1037+05 

-.1600*05 

M 

,5847*06 

,263**06  -.7826*06 

,6736+03 

.1411*05 

N 

,3471*05 

-.2922*05  ,4484*05 

-.3842*06 

-.2732*01 

THE  INERTIA  TENSOR 

• 

,1150*05  -. 

4243-06  , 

6538*02 

-.4243-06 

5000*05  , 

7206-09 

,6538*02 

7206-09  , 

5500*05 

TRIMMED  VELOCITIES  WITH  RESPECT  TO  OVERALL  VEHICLE  REFERENCE  AXES- 


U  V 

•  1690*03  *.1863*08 


W  P 

.2540-00  -.0000 


0 

>0000 


R 

*,0000 


TRIMMED  ITERATION  column  vector,  te- 

.1570-00  -.4032-02  ,3558-01  .2631-01  -.5533-01  -,170*»01 

STABILITY  AXIS  SYSTEM  EULER  ANCLES-  THETA*  -.5683-01  PHI  -.170**01 
AIRCRlFT  INERTIAL  SPEED*  .1690*03 


126 


LOCKHEED  AH36A  HELICOPTER  JUNE  10  1970  MOSTAB-B  DERIVATIVES 
CABC  13  SPEED*  19,2  FT/SEC.  M-00T«-19,2  FT/SEC.  GAMMa»-90.0  DEG. 
GROSS  WEIGHT-13600,  SEA  LE*'EL.  DYNAMIC  TIP  LOSS  <YES> 


stability  DERIVATIVE  MATRICES- 


'J 

V 

W 

P 

0 

R 

X 

-.8870*02 

.3770*01 

-.2216*01 

.1029*04 

-.3486*02 

-.1879*03 

Y 

,2292-00 

-,212**02 

.2596*01 

,4297*03 

-.2773*03 

,1373*04 

Z 

-.1976*01 

-.2131*01 

-.7394*01 

.9106*02 

-.1619*04 

-.4410*03 

L 

-.1727*03 

.3356*03 

-.1386*02 

-, 1201403 

-.2919*04 

-.1518*04 

M 

-.9934*02 

-,3989*02 

-.4934*03 

,6044*04 

-.6870*03 

,1034*05 

N 

-.2371*02 

,4126*03 

-.8330*02 

-.1198*04 

-.1123*03 

8649*05 

U  OOT 

V  OOT 

W  OOT 

P  OOT 

0  OOT 

R  DOT 

X 

,1870-02 

.1220-03 

-.3618-04 

.1661-02 

.1066*01 

-.1913-00 

Y 

-.9933-02 

-.4833-03 

.1933-03 

,1330*01 

-.2497*02 

*, 9922-00 

Z 

.1513-01 

,1269-03 

-.2633-03 

-,430®-00 

.9960-00 

-.2498*02 

L 

-,2322-02 

,1762-02 

.2191-03 

,1686*02 

-.1276*03 

.1413*03 

M 

,1663-00 

,1549-01 

-.6926-02 

-,1786*03 

.2941*04 

-, 1423*04 

N 

,1172*00 

,1718-01 

-.1333-01 

-.2304*02 

.1426*04 

.2956*04 

C<  1) 

C<  2) 

C(  3) 

C<  4) 

C(  9) 

X 

-.1119*06 

-.8413*03 

-.3022*03 

-.3907*03 

.6869*02 

Y 

-.6071*04 

,1861*03 

.5322*04 

,8516*04 

.3290*01 

Z 

.2119*03 

.3316*04 

-.1863*05 

.9227*01 

.3779*04 

L 

.2505*06 

-.3068*05 

.2912*05 

-.2373*06 

-.1686*04 

M 

-.3371*04 

,2738*06 

-.6783*06 

-.2271*03 

.4039*04 

N 

-.4313*04 

-.6790*06 

-.2749*06 

-.3644*04 

.4860*02 

THE  INERTIA  TENSOR 

« 5497*03  .2630*03  -.7452*03 

.2630*03  .3001*03  3970*02 

-.7432*03  -.3970*02  .1131*03 


TRIMMED  VELOCITIES  WITH  RESPECT  TO  OVERALL  VEHICLE  REFERENCE  AXES- 

J  V  W  P  n  R 

*, 3269-00  -.1022*01  .1917*02  -.0000  .0000  -.0000 


TRIMMED  ITERATION  COLUMN  VECTOR,  TE- 

.2204-00  .6322-03  -.6373-02  .1486-00  .1713-01  -.5324-01 

STABILITY  AXIS  SYSTEM  EULER  ANCLES-  THgTA*  .1372*01  PHI  ,0000 
AIRCRAFT  INERTIAL  SPEED*  .1920*02 


LOCKPFfcC  AH56A  HFL!COP7«*R  JUNE  13  19?  .)  *-0&TAB-B  DERIVATIVES 

CASE  16  SPEED*  33.6  FT/cEC.  M-roT»-i9,2  FT/SFC.  GAMMa«-33.5  DEC. 
CROSS  WFIGMT«156C0,  of  \  I.E'EL,  l*Vi./Mc  TIP  LOSS  <YES> 


STaPILITV  dfriv^tivE  nA+mcrs- 


u 

V 

1. 

P 

0 

R 

X 

- . 1416*03 

,92nr-nn 

.2667+01 

.7652+02 

.1362+0* 

,5120+03 

V 

.29*9+01 

-,?7r/4  +  02 

-.9930-01 

-.1092+04 

-.2646+03 

.1326+04 

'i 

-.1560+i.VJ 

-, 1005+01 

-.2699+02 

.6640+03 

-,94n6*03 

,4283+03 

l 

-,205C+t'3 

-.12rt*>+03 

.3633+02 

-.6200+05 

,6457+0* 

,3356+05 

h 

.25*7+03 

-,647?*02 

-.2293+03 

-.6021+04 

-.0859+05 

,7515+04 

N 

-.1623+03 

.4620+03 

“ . 1 795+C? 

.3291+05 

-.9328+04 

-,3«62+05 

»’  DOT 

V  r,m 

'  OOT 

P  DOT 

0  DOT 

R  DOT 

X 

-,1769-Cl 

-.1654-02 

-.223C-01 

-.1140+02 

.2742-00 

,8135+01 

Y 

.2210-01 

-. 7m?-04 

."'132-01 

.1060-00 

-.2652+0? 

-.1321-00 

Z 

,26e5-Hl 

-.3102-02 

.4162-01 

•2C34+02 

,6615-00 

-.1438+02 

L 

,1564+01 

, 6924-02 

.2191+01 

•1955+04 

-.1147+0* 

-.1387+04 

N 

.1111+01 

-,2533-Cl 

, 1 562  +  C 1 

.1150+04 

.2959+04 

-.8215+03 

N 

-.11+5+01 

-.2680-02 

-.1010+01 

-.1421+04 

,0250+03 

.1020+04 

C<  1) 

C(  2) 

CC  3  > 

C(  4) 

C<  5) 

X 

-.5764+05 

-.3061+04 

.1310+05 

-. 1626*03 

-.5191*04 

y 

- . 6006+03 

.1771+05 

,5696+04 

.7516*04 

.1571-02 

Z 

- , *231+05 

.5403+04 

-.1069+05 

.2632+C2 

.3770+04 

L 

.10°l+04 

.5464+06 

,2220+06 

-.1266+06 

-.1840+04 

m 

.  6<23+fJ* 

.2754+06 

-, 6790+06 

-.5695+04 

.7502+04 

N 

. 1017+06 

-.3992+06 

-.1603+06 

-.1499*06 

-.7201+03 

THE  INERTIA  TENSOR 

• 

2614+C5  - 

.5260-05 

2055+05 

5260-05 

.S000+C5 

4531-05 

• 

2055+05 

.4531-05 

4036+05 

trimmed 

velocities 

WITH  RESPECT  TO  OVERALL  VEHICLE 

reference 

AXSS- 

o 

V 

v; 

P 

0 

R 

.2753+02 

-.7451-06 

.1961+02 

-,oooo 

.0000 

-.0000 

trimmed 

ITERATION 

COL  DM*  VECTOR,  TE- 

,19+0-00 

- . l?9B-n2 

, 77FC-D? 

.1162+00 

. 1417-01 

-.3980-01 

STABILITY  avis  SYSTEM  Et'LER  A? OLtS-  TH£lA«  6042-00  PHI  -.4036-01 
aircraft  inertial  speed*  ,33fi+;.2 


not  reproducible 
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LOCKHEED  AH56A  HELICOPTER  Jt'\r  10  1W0  ^OSTAB-ll  DERIVATIVES 
CASE  17  SPEED*  t>7,6  FT/4EC.  ^-,'0T«-19.?  FT/REC.  GAMMA*-!  6 , 45DEG. 
CROSS  WHGHTI15400.  SFa  Lfc'EL.  UYMaMC  TIP  LOSS  ( YFR > 


STABILITY  DERIVATIVE 


V 

V 

P 

f 

R 

X 

- . 5230*02 

.1577401 

-.6926*0 2 

-.2?U*03 

,17*7*p4 

.2383*03 

Y 

- . 3ir  2-00 

- ,3724*02 

-.1666*01 

-.1537*04 

-.1773*33 

,116#*n4 

,7608*03 

Z 

-.1394*03 

- .  973e,“00 

-.2124*03 

-.9251*01 

-.1847*03 

L 

-.1124*03 

- . 1482*03 

-.6600*02 

-.8193*05 

.94l7*C4 

,1781*05 

M 

.1329*03 

-,3807+02 

.‘‘877*02 

-.7822*04 

- . *5r 5*0? 

,4747*04 

N 

-.1899*03 

.5136*03 

-.2221*03 

.160W*05 

-.59*9*03 

-,269?*C5 

U  POT 

V  pr 1 

'  OUT 

P  DDT 

G  »'OT 

R  DOT 

X 

-.3200-01 

.1756-03 

tro*co 

-.2654*02 

,  17>*6*0J 

.7763*01 

r 

,1787-01 

,3504-04 

.6U91-C1 

-.1405*01 

- , 29*0*02 

.4106-00 

z 

,14*0-01 

,1007-02 

.4504-01 

.9911*01 

,6oM«oo 

-.2882*01 

L 

,2076*01 

,9617-03 

.7099*01 

.2732*04 

- .  13rt9*o/ 

-.7975*03 

M 

.1244*01 

-.6827-02 

. 4216*01 

.1330*04 

,29'*4*04 

-.3890*03 

N 

-.6925-00 

-,107*-C2 

-, 7363*01 

-, 89i44q J 

.  4qi 8*03 

,2694*03 

C<  1) 

CC  2) 

C(  3) 

C<  4) 

C(  5 ) 

X 

-.3268*05 

-.5605*04 

.1699*09 

-.1453*03 

-.9349*04 

Y 

-.1616*04 

,1552*05 

.6237*04 

,7058*04 

-.7713-03 

Z 

-.1148*06 

.2193*04 

.1374*05 

.1545*32 

.2845*04 

L 

-.1162*05 

.6402*06 

.2645*06 

-,  5410*05 

-.4092*04 

M 

.2070*06 

.2731*06 

-.6865*06 

■  -.1656*04 

.11*7*05 

N 

.9157*05 

-.2043*06 

-.5610*05 

-.2074*06 

-.66^3*03 

THE  INF.PT  I A  TENSCR 

.1493*05  -.1927-05  ,1173*"5 

-.1927-0!)  ,5000*05  .6446-^6 

.1173*05  ,5446-0*  .5157*n5 


TRIMMED  VELOCITIES  WITH  RF.RPECT  TO  OVERALL  VEHICLE  REFERENCE  AXES- 

U  V  V*  p  r  R 

,6507*02  -.3725-08  ,1905*02  -.0000  ,00*0  -.0000 

trimmed  iteration  column  VECTOR,  T£- 

.1463-00  -.1291-02  ,1326-01  .3274-01  -,?3'1-C2  -,1166-Cl 

stability  axis  system  e"ler  ancles-  theta*  -,287i-oc  phi  -,1216-01 

AIRCRAFT  INERTIAL  SPEEC*  ,f7«*0*C2 


„01  RtPROOUCIBU 
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L0CXMKED  A'*  HELICOPTER  JUNE  10  1*70  m05Ta6-B  DERIVATIVES 
CA*f  II  IPS  *101  3  FT/PEC,  M-00T«-19,2  FT/SEC.  CAMMA»-i0.t  DEC. 
CROSS  WE!CMT«t9600,  SEA  LEVEL.  DYNAMIC  TIP  LOSS  (YES) 

STABILITY  DERIVATIVE  MaTRICFS- 


X 

Y 

Z 

L 

n 

N 


X 

Y 

Z 

L 

M 

N 


X 

Y 

Z 

L 

M 

N 


U 

-.4934402 
-.8717-00 
- .  1053*03 
-.6694*0? 

,6734402 

-.9192402 

U  DOT 
-,2948-01 
.1156-01 
,3077-02 
,1848401 
.1067401 

■,4063-00 

C(  1) 
>.3253409 
>.2506404 
>.1366406 
‘.4770405 
.3220*04 
.38634Q5 


.1497401 

-.4822402 

-.2159-00 

-.1507403 

-.2634402 

,6085403 

V  DOT 
-, 2777-03 
-.1526-03 
-.1275-02 
■, 6724-02 
■, 6388-02 
,2660-02 

C(  2) 
>.5704404 
.1374405 
,5173403 
,6524406 
,2674406 
>,1282406 


-.5419402 

-.3096401 

-.3107403 

-.6210402 

-.1735403 

-.2742403 

rf  DOT 

-.1764-00 

,7148-01 

.2381-01 

,1135402 

.6472401 

•,2498401 

C<  3) 
.2046405 
.5736404 
.3299405 
.2628406 
>,7003*06 
.6355*04 


P 

-.2913403 

>.1422404 

>.4065403 

>,8464405 

>.7153404 

.8588404 


.1710404 
■  .15*2403 
■.43314Q3 
,8964*04 
.9528*05 
,3794*04 


.1765*03 

.1174*04 

.8216*03 

.1047*05 

,3515*04 

>,3000*05 


P  OOT 

0  DOT 

R  DOT 

-.2698*02 

,1866*01 

,4408*01 

-.1141*01 

-.2609*02 

,1863-00 

.2131*01 

.2157*01 

-,3497-00 

.29i5*o4 

-.1296*04 

-.4758*03 

.1332*04 

,3Qrt6*04 

-.2180*03 

-.6210*03 

.2339*03 

,1100*03 

C<  4) 

C<  5) 

-.1902*03 

-.1222*05 

.9162*04 

.1781-02 

.1442*02 

.2116*04 

-.3689*05 

-.7356*04 

-.9590*03 

.1443*05 

-.2758*06 

-.4498*03 

THE  inertia  TENSOR 


.1264*05 

-.2057-05 

,6935*04 


>.2057-05 
.5000*05 
, 3816*06 


. 6935**4 
.3618-06 
.5386*05 


TRIMMED  velocities  with  RESPECT  TO  overall  VEHICLE  reference  AXES- 

L'  V  W  P  Q  R 

•1002*03  -.5586-06  ,1640*02  -.0000  .0000  -.0000 

trimmed  iteration  column  vector,  TE- 

.1337-00  -.1087-03  .1375-01  .1961-01  -,28"7-01  -.7701-02 

STABILITY  AXIS  SYSTEM  EULER  ANCLES-  THgTA*  -.1903-00  PHI  -,7839-02 
AIRCRAFT  INERTIAL  SPEED*  .1015*03 
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***********&%£* 


NOT  REPRODUCIBLE 


LOCKHEED  *H56A  HEUCOHTfU  j:.m  1(/ 

CASE  19  SPEED«lft9.0  FT/r.EC.  H-rOT«-iy,2 
CROSS  WCI(.HT«15*C  0,  St/*  LE  'EL.  OVK/MIC 


*OS T 'krt-rJ  OlRTYATlVFS 
Fl/S^C.  6 AHha«  -6.52DEG. 
TIP  LOSS  <YES> 


STABILITY  DERIVATIVE  ^TRICES* 


U 

V 

V 

P 

X 

-.4017*02 

.1241*01 

-.3062*02 

-.3376*03 

.  12*»6*04 

Y 

-.2215-00 

-,67h'<*02 

-.4997*01 

-.9938*03 

-.1197*03 

Z 

-.6511*02 

,105<*P1 

-.4281*03 

-«1004*04 

-.6073*03 

L 

-.4687*02 

-.1455*03 

*.4052*02 

-.8337*05 

,6942*04 

M 

-,4io9*02 

-.1106*02 

-.2006*03 

-, 4548*0* 

-.10^3*06 

N 

-.4269*02 

.7503*03 

-.2386*03 

.7209*03 

.7693*04 

U  DOT 

V  DOT 

V-  DOT 

P  DDT 

f)  ^OT 

X 

-.14H-Q1 

-.1844-03 

-.2432-00 

-.2021*02 

. 1264»0! 

Y 

.3280-02 

-.3788-03 

.6231-01 

-.1999-00 

-.1742*0? 

Z 

-.2715-02 

-.1402-02 

-.3160-01 

-.3380*01 

.5312*01 

L 

.1062*01 

-.1322-01 

.1886*02 

.3046*04 

-.1201*04 

M 

,5706-00 

-.1239-01 

.9935*01 

.1277*04 

.3051*04 

N 

-.1392-00 

.4194-02 

-.2465*01 

-.3756*03 

.8937*02 

C(  1) 

CC  2) 

C<  3) 

C(  4) 

C<  5) 

X 

-.2839*05 

-.4178*04 

.1852*05 

-.3869*03 

-.16*3*05 

Y 

-.3682*04 

.1034*05 

.4517*04 

.1259*05 

.4008-0? 

Z 

-.1668*06 

-.6027*03 

.6743*05 

,1806*02 

,1039*04 

L 

-.7138*05 

,6474*06 

.2369*06 

-.1080*05 

-.16^4*05 

M 

,5756*06 

.2535*06 

-.7647*06 

•  .2198*02 

.17*5*06 

N 

-.2066*05 

-.6020*05 

.3837*05 

-.382«*06 

-.1326*03 

r 

,8694*02 

,1394*04 

.7251*03 

,5077*04 

.2122*04 

-.4015*05 

R  DOT 
.1147*01 
,9615-02 
,1756-00 
-.1736*03 
-.7354*02 
.2991*02 


THE  INERTIA  TENSOR 


116^*05 

6455-06 

2479*04 


8455-06 

5000*05 

5465-07 


2479*n4 

5465-07 

5466*05 


trimmed  velocities  with  RESPECT  To  OVERALL  VEHICLE  REFERENCE  axes- 

u  V  w  P  r;  r 

.1667*03  -*3725-08  .9647*01  -.0000  ,0000  -,0000 

trimmed  ITERATION  COLUMN  vector,  te- 

,1229*00  ,2606-02  ,1053-01  .1559-01  -.5674-01  -.6892-02 

STABILITY  AXIS  SYSTEM  EULER  ANCLES-  TH£Ta«  -.1139*00  PM?  -.8936-02 
AIRCRAFT  INERTIAL  SPEED*  .1690*03 


LOCKHEEO  AH56A  HELICOPTER  JUNE  10  1970  MORTALS  DERIVATIVES 
CASE  20  SPEED*  33, 6  FT/SEC.  H-noT»-2*.*I  FT/SEC.  GAMMA«-S6.3  DEG. 
CROSS.  WE!GHT«15600.  SEA  LEVEL.  DYNAMIC  TIP  LOSS  I  YES) 


STABILITY  DERIVATIVE  MATRICES- 


U 

V 

W 

P 

0 

R 

x  - 

.1337*03 

.3086-00 

.7174*02 

.65*2*03 

,7098*03 

,425**03 

Y 

,3493*01 

-.2534*02 

.19*3*01 

-.4*27*03 

-.2097*03 

,1655*04 

2  - 

,6700*02 

-.1909*01 

.1532*02 

.6370*03 

-.1338*04 

-.8672*02 

L  - 

,2193*03 

.9020*02 

.44*1*02 

-. 3239*03 

.2876*03 

.3149*05 

M 

,1321*03 

-.6*36*02 

-.3434*03 

-.3368*04 

-.8914*05 

.1010*03 

N  " 

,83V7*02 

.4997*03 

-.5301*02 

.3102*05 

-.1299*03 

-.6791*0^ 

u  dot 

V  DOT 

w  dot 

P  DDT 

Q  DOT 

R  DOT 

X  - 

.22*7-02 

-.4195-04 

-.1323-02 

-.7477-00 

.4427-00 

.1363401 

Y 

,1733-01 

-.1761-04 

.1025-01 

,8093-01 

-.2657*02 

-.1134*00 

z 

.3709-01 

-.9187-03 

.2161-01 

.1467*02 

.3739-00 

-.2503*02 

L 

.*355-00 

.4482-02 

.4990-00 

,7439*03 

-.7109*03 

-.1264*04 

M 

.1103*01 

-.1697-01 

.6430-00 

.7214*03 

.2949*04 

-.1234*04 

N  - 

,i3nc*oi 

.1667-02 

-,*768-00 

-.12*9*04 

.1232*04 

.2221*04 

C<  1) 

C<  2) 

C<  3) 

C(  4) 

C<  5) 

X  - 

,9099*03 

-.3643*03 

,4768*04 

-.1674*03 

-.3094*04 

Y  - 

.*423*03 

.1782*05 

.5708*04 

.7694*04 

.3659-03 

z  - 

.3436*05 

.6285*04 

-.1713*05 

.2056*02 

.5454*04 

L 

.1812*06 

.332**06 

.1353*06 

-.1977*06 

-.2536*04 

M 

,3283  05 

.275**06 

-.6746*06 

-.7*03*04 

.7733*04 

N 

,1166*u6 

-.3*38*06 

-.23*7*06 

-.1239*06 

-.6062*03 

the  inertia  tensor 

t 

4398*05  -. 

7962-05 

1*92*05 

•i 

7962-05  . 

5000*05 

2502-04 

• 

1892*05  . 

2302-04 

2252*05 

trimmed 

velocities 

;  WITH  RESPECT  TO  OVERALL  VEHICLE 

REFERENCE 

AXES- 

u 

V 

W 

P 

0 

R 

.1701*02 

-.4470-07 

.2921*02 

-.0000 

.0000 

-.0000 

TRIMMFO 

ITERATION 

COLUMN  VECTOR,  TE- 

.2028-00 

-.2950-03 

.2579-02 

.1237*00 

.2194-01 

-.4239-01 

STABILITY  AXIS  SYSTEM  EULER  ANGLES-  TMETa*  -.1020*01  PHI  -.84,03-01 
AIRCRAFT  INERTIAL  SPEED*  ,33*0*02 
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DENOM I \ATOc  CHAf-  ACTfcR’  5TK 
ROOTS 


^AL 

!' aGInaRv 

°A=?T 

p  AkT 

.1*95-00 

, iooa+o^ 

,169i>-00 

-.1304*00 

. 9763*01 

.ocoo 

.1893*01 

.0000 

.1526-00 

.4775-0" 

.1526-00 

- .4775-00 

.3251-01 

.368o-Cn 

.3251-01 

-.3660-ro 

.00:0 

.0000 

.ocoo 

.0000 

.or:o 

.CCC'O 

.co:r 

.0000 

NUMERATORS 

(NOTE-  NUMERATOR  ROOTS  LESS  Than  l.CE-7  TIMES  THE 
LARGEST  NUMERATOR  ROOT  aRE  NOT  INCLUDED  IN  Tmp  RODE  GAIN), 


X<  l)-TO-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1878*03 
BODE  GAIN  *  - . 3712*03 

ROOTS 


real 

IMAGINARY 

PART 

PART 

-.3593-07 

.0000 

-.9783*01 

.0000 

-.1074*01 

.0000 

-.1448—00 

.5119-30 

-.1448-00 

-, 5119-00 

-.74U-01 

.3632-rr 

-.7411-01 

-  •  3632-0*' 

-.6^52-01 

,ocn& 

X(  2>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  CAIN*  .95*4-00 
BODE  GAIN  *  .1883*03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.6490-01 

.0000 

-.1120*03 

.0000 

-.6253*01 

.0000 

1904*01 

.0000 

-.4546-01 

.3763-00 

-.4546-01 

-.3763-00 

-.3908-00 

,0000 

.4221-07 

.0000 

,0000 

.0000 

.0000 

.0000 

X<  3>-T0-C<  1>  NUMERATOR 
ROOT  LOCUS  GAIN*  .1123*03 


BODE  GAIN  «  .3790*03 

ROOTS 


REAL 

•  imaginary 

PART 

PART 

-.1048*00 

,2517-00 

- ,1048+00 

-.2517-00 

-.9810*01 

,0000 

-.1837*01 

.0000 

-.1898-00 

.4548-00 

-.1*98-00 

-.4548-00 

.2565-00 

.0000 

.0000 

.ooqo 

.0000 

.0000 

.0000 

.0000 
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X(  4>-T0-C<  1)  NUMERATOR 
¥ 

ROOT  LOCUS  GAIN*  2654+01 
BODE  GAIN  *  *2260+02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1021+00 

.  3593-00 

-.1021+00 

-.3593-00 

-.3144-01 

.3930-00 

-.3144-01 

-.3930-00 

-.1276+02 

.OOOG 

-.1859+01 

.0000 

-  *  4089-00 

.0000 

.1118-07 

.0000 

.1551-06 

.0000 

.9486-08 

.0000 

X<  5)-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.6475-00 
BODE  GAIN  »  -.1123+01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1931-00 

.2840-00 

-.1931-00 

-.2640*00 

-.2574-00 

,3628-00 

-.2574-00 

-.3828-00 

-.1115+02 

,0000 

-.6488-00 

.0000 

,2362-00 

.0000 

-.2461-08 

.0000 

.0000 

.0000 

.0000 

.0000 

X(  6J-T0-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.325M01 
BODE  GAIN  *  .1383+02 

BOOTS 


REAL 

PART 

" • 6236*01 
-.6236*01 
.2135-01 
.2135-01 
-.5659+01 
-.1976+01 
-.4109-00 
-.3492*09 
*0000 
.0000 


IMaGINARV 

PABT 

.3712-00 
-.3712-00 
. 4QC9-00 
-.4009-00 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


NOT  REPRODUCIBLE 


x<  1 J-TO-C(  2)  NUMERATOR 

Root  locus  gain*  .9929-00 

®OOE  GAIN  «  .6523*03 


ROOTS 


real 

PART 

-.1954-02 

-.1954-02 

-.3446-00 

-.9355+01 

.2250+01 

.2250+01 

.4128+01 

-.1490-07 

.0000 

.0000 


IMAGINARY 

Part 

,4774-00 

-.477 4 -or 

.coco 
.0000 
.  i3*s«>0i 

- • 13K6*ci 
.  0000 
•  0  c  c  0 
.rooc 

.  OCI'C 
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X(  2)-T0-C<  2)  NUMERATOR 


HOOT  LOCUS  GAIK*  -.3635*02 
BODE  GAIN  *  .2041*34 

ROOTS 

REAl  IMAGINARY 

PART  PAST 

-.2545-01  .3631-00 

-.2545-01  -.3631-00 

-.2579-00  .1006*00  Oo5^ 

-.2579-00  -.1006*03  . 

-.6355*02  .0000  *0' 

-.1909*01  .0000 

-.1127*01  .0000 

-.6712-07  ,0000 

.0000  .0000 

.0000  .0000 


X(  3 )-TO-C(  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1761*02 
BODE  GAIN  *  .1334*04 

ROOTS 


REAL 

imaginary 

PART 

part 

-.3457-00 

.1446-00 

-.3457-00 

-.1446-00 

-.2239*02 

.0000 

-.3690*01 

.0000 

-.3342-01 

.4833-00 

-.3342-01 

-.4833-00 

-.6519-00 

,0000 

.0330 

.0000 

.coco 

.0300 

.0000 

.0000 

/ 


X(  4)-T0-C<  2)  NUMERATOR 


ROOT  LOCUS  CAIN* 

-.3878*02 

BODE  GAIN  *  .2967*02 

ROOTS 

REAL 

IMAGINARY 

PART 

PART 

-.1911-00 

.0000 

-.1988*01 

.0000 

-.5835-00 

.0000 

-.3700-01 

.3755-00 

-.3700-01 

-.3755-00 

.1648-00 

,7563-00 

,1648-00 

-.7563-00 

.0000 

,0000 

.0000 

,0000 

.0000 

•  0000 

X<  5>-T0-C<  2)  NUMERATOR 

ROOT  LOCUS  GAIN* 

-.8210*01 

BODE  CAIN  »  -.1475*01 

ROOTS 

REAL 

imaginary 

PART 

PART 

-,1893-00 

,0000 

-.4971*01 

,0000 

-.5550-01 

,4754-00 

-.5550-01 

-.4754-00 

-.2392-00 

.2180-00 

-.2392-00 

2180-00 

.1967-00 

.0000 

-.3439-08 

,0000 

.0000 

.0000 

.0000 

.0000 

138 


\ 


XC  4>-TC-C<  2)  NUMERATOR 
ROOT  LOCUS  5AIN«  .6687*02 
BODE  GAIN  *  .1816*32 

ROOTS 


REAL 

IMAGINARY 

°aRT 

part 

-.1857-00 

.ooc: 

-.1953*01 

.3000 

-.3555-00 

.4272-OC 

-.3655-00 

-.4272-00 

-.2931-01 

.3734-00 

-.2931-01 

-.3734-00 

.3987-00 

.0000 

.0000 

.9000 

.0000 

.0000 

.0000 

.0000 

X(  1 )-TO-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN«  -,97l9*Cl 
BODE  GAIN  *  -.7913*03 

ROOTS 


REAL 

PART 

.1115*00 

.1*97-00 

,1497-OC 

.3642-OC 

.9619*01 

.2005-00 

.2005-00 
«  ^  *  * 

•  L  v  w*  u 

*4  m,  *  p* 

•  W  W  %  L' 

n  *  *  * 

•  ww^. 


imaginary 

PART 

.0000 

.4747-00 

-.4747-00 

.ccoc 

.0000 

.4386*01 

-.4388*01 

.COCO 

,C0GC 

.0000 
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- - - - 


XI ;  .r. 


■  ■  1  ■ ' 


.  r  •  jRR  <> 


X<  2>-Tn-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1252*02 
BOOE  GAIN  *  . 5460+03 

ROOTS 


REAL 

IMAGINARY 

PART 

Part 

.2313-06 

.0000 

-.8056*02 

.0000 

-.1827*01 

.0000 

-.8763-00 

.0000 

-.1110*00 

,4952-00 

1110*00 

-.4952-00 

•6643-02 

,1800-00 

.6643-02 

-.1800-00 

.0000 

.0000 

,0000 

.0000 

X<  3)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  .3331*02 
BODE  GAIN  «  -.19554-04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1362-00 

.0000 

-.1150*02 

,  4  0  6 1  ♦  o  1 

-.1150*02 

-,40614-01 

-.1502-00 

.4747-00 

-.1502-00 

-, 4747-00 

-.5361-00 

.3689-01 

-.5361-00 

-.3689-01 

.0000 

.0000 

.0000 

.0000 

.ooco 

.coco 

l4o 


V 


MMMI 


X(  4)-TC-C(  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -. 1723*0? 
BODE  GAIN  *  .7371-12 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1885-06 

.1528-07 

.1885-06 

-.1526-07 

-  i63l-00 

.9424-00 

-.3631-00 

-.9424-00 

-.1560-00 

.4310-00 

-.1560-00 

-.4310-00 

-.10541-01 

.0000 

.1583-00 

.3256-00 

.1583-00 

-.3256-00 

-.3725-08 

,0000 

X<  5>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,132940 2 
BODE  GAIN  ■  1023*01 

ROOTS 


REAL 

IMAGINARY 

PART 

part 

-.1308-07 

.0000 

- , 1125102 

.0000 

-.1513-00 

.4751-00 

-.1513-00 

-.4751-00 

-.2030-00 

.1421-00 

-.2090-00 

-.1421-00 

.3776-01 

.9650-01 

.3776-01 

-.965C-01 

.0000 

.ccco 

.0000 

,0000 

Ikl 


:*  *•*•»- 


53T 


X(  6)-T0-C<  3)  NUMERATOR 


HOOT  LOCUS  GAIN*  .2*70*02 
BODE  CAIN  *  #1262*02 

HOOTS 


HEAL 

TPaCInaRv 

part 

part 

.78C2-01 

.3274-00 

.7802-01 

-.3274-00 

-.1239-00 

.4641-00 

-.1239-00 

-.4641-00 

-.1328*01 

.0000 

-.7112-00 

•  CCQC 

.4201-00 

.cccc 

.0000 

•coco 

•  0000 

•occo 

.0000 

.0000 

X«  1I-T0-CC  4)  NUMERATOR 
HOOT  LOCUS  GAIN*  .3449-00 
BOOK  CAIN  *  -. 2411*03 


HOOTS 

heal 

PART 

-.1021 *00 
-.1021*00 
.2*43-00 
.2*43-00 
-.2121*02 
-.*•16*01 
-.1739*01 
.0000 
.0000 
•  0000 


ite 


!»AGINAHV 
PART 
.3532*09 
-.3332-00 
.5408-00 
-.5408-00 
•  0000 

•  coco 

•  COCO 

.ococ 

.c:oc 

.coco 


X(  2>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1389+02 
BODE  GAIN  *  -.8203+02 

ROOTS 


REAL 

PART 

.4668-01 

-.1206+02 

-.3920+01 

-.1899+01 

-.3839-01 

-.3839-01 

-.2194-00 

-.1743-06 

.0000 

.0000 


IMAGINARY 

Part 

.0000 

.0000 

.0000 

.0000 

.3706-00 

-.3706-00 

.0000 

.0000 

.0000 

.0000 


X<  3>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.9593-01 
BODE  CAIN  *  -.3633+03 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.1014+00 

,3367-00 

-.1014+00 

-.3367-00 

-.6689-00 

.2240-00 

-.6689-00 

-.2240-00 

.9159+02 

.0000 

-.1185+02 

.0000 

-.1402+01 

.0000 

.4008-07 

,0000 

.0000 

,0000 

.0000 

.0000 

143 


i4 


XC  4)-T0-C(  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .3208*01 
BODE  GAIN  *  -.124**02 

ROOTS 


REAL 

imaginary 

PART 

Part 

-.1810-07 

.0000 

-.1129402 

.0000 

-.1892401 

.0000 

-.8934-01 

.3605-00 

-.8834-01 

-.3605-00 

-.3376-01 

,3816-00 

-.3376-01 

-.3816-00 

-.2228-00 

.0000 

-.2204-10 

.0000 

.0000 

.0000 

XC  5J-T0-CC  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1385-00 
BODE  GAIN  *  . 6207-00 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2542-00 

.0000 

-.1396402 

.0000 

-.8086-00 

,2648-00 

-.8086-00 

-.2648-00 

-.9747-01 

,3296-00 

-.9747-01 

-,3296-CO 

.3651-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.nooo 

144 


X<  6)-T0-C<  4>  NUMERATOR 
ROOT  LOCUS  GAIN*  .2919+01 
BCOF  GAIN  *  -.7642+01 

ROOTS 


HEAL 

PART 

-.4691-01 

-.4691-01 

.1754-01 

.1754-01 

-.6999+01 

-.19C9+01 

-.2236-00 

.0000 

.0000 

.0000 


imaginary 

Part 

.3671-00 

-.3671-00 

.3973-00 

-.3973-00 

.0000 

.0000 

,0000 

,0000 

,0000 

.0000 


wot 


X<  1 )-TO-C(  5 )  NUMERATOR 
ROOT  LOCUS  GAIN*  .6386*01 
BODE  GAIN  *  , 8866+01 

ROOTS 


REAL 

IMAGINARY 

PART 

part 

-.9012-01 

.0000 

-.9783+01 

.0000 

-.1541+01 

.nooo 

-.1412-00 

,4715-00 

-.1412-00 

-.4715-00 

- .  3**49-00 

.0000 

.2641-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,0000 

X(  2>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  .8849-02 
BODE  GAIN  *  -.6037-00 

ROOTS 


REAL 

PART 

.1371-05 

-.2728*03 

-.1837*01 

-.2704-00 

,9904-02 

.5090*01 

.6253-01 

.6253-01 

.0000 

,0000 


IMAGINARY 

PART 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,4930-00 

-.4930-00 

.0000 

.0000 


X<  3 )- TO-CC  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1125*02 
BODE  GAIN  ■  .2039*02 

ROOTS 


RFAL 

PART 

-,9399-01 

-.9751*01 

-.2288*01 

-.1436-00 

-.1436-00 

-.2568-00 

-.2568-00 

.0000 

.0000 

.0000 


IMAGINARY 

PART 

.0000 

.0000 

,0000 

,4739-00 

-,4739-00 

.1453-00 

-.1453-00 

,0000 

,0000 

.0000 
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will  HIM.  i.H'l-4 


XC  «)-rc-C(  5)  NUMfciaTfV 
ROOT  LOCUS  GAIN*  .969M-01 


BODE  GAIN  *  -.276G-0C 

ROOTS 


N01  r^00"c'8U 


REAL 

imaginary 

PART 

PART 

-.30*4-07 

.0000 

-.1102*00 

.3985-00 

- . 1102+00 

-.3985-00 

-.2791-00 

.0000 

,3063-00 

.2953-00 

.3063-00 

-.2953-00 

-. 2139+01 

.1888+01 

-.2139+01 

-.1888*01 

.0000 

.0000 

.0000 

.0000 

X<  5>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1609-00 
BODE  GAIN  «  ,1372-01 

ROOTS 


REAL 

imaginary 

PART 

PART 

.2929-01 

.0000 

-.1029+02 

.0000 

-.1872-00 

.1096+00 

-.1872-00 

-.1098+00 

-.1425-00 

,4763-00 

- .1425-00 

-.4763-00 

.6006^00 

.0000 

.0000 

.0000 

.0000 

.0000 

.occn 

.0000 

ll+7 


I(  6>-T0-C<  3)  NUMERATOR 


ROOT  LOCUS  GAIN*  -.7643*01 
BODE  GAIN  >  '  -.1689-00 
ROOTS 


REAL 

imaginary 

PART 

part 

-.2793-00 

.0000 

-.3900-01 

,4446-00 

-.3900-01 

-.4446-00 

.2238-00 

,2527-00 

.2258-00. 

-.2327-00 

•6245+01 

.0000 

-.1336+01 

.0000 

•  0000 

,0000 

•  0000 

.0000 

.0000 

.0000 

rikhhW"  -.'M 


LOCkHEED  AH56A  HELICOPTER  JUNE  10  1970  MQSTAB-B  DERIVATIVES 


case  ; 

21  $P£E0*101 

.5  FT/SEC, 

H-D0T*-28. 

8  FT/SEC. 

f,AMMA»-16. 

55DEG, 

CROSS 

WFIGHT»13600,  SEA  LEVEL.  DYNAMIC 

TIP  LOSS 

(YfcS) 

STABILITY  DERIVATIVE  HATRICC. 

j" 

U 

V 

1 4 

P 

0 

R 

X 

-.6396*02 

.1486*01 

-. 7705*02 

-.2426+03 

,1532*04 

,2516*03 

Y 

-.1750*01 

-.4648*02 

-.2906*01 

-•1267+04 

-.8028*02 

.1291*04 

z 

-.1412*03 

.5764-00 

-.2759*03 

-.3126*03 

-.1629*03 

,6844*03 

L 

-.7410*02 

-.4018*02 

-.9772*02 

-.7984*05 

.9203*0* 

.1573*05 

M 

,3735+01 

-.1764*02 

.2924*03 

-.6515*04 

-.8108*05 

,4071*04 

N 

-.1090*03 

.6037*03 

-.3069*03 

•  .1300*05 

.3333*04 

-.3187*05 

U  DOT 

V  DOT 

w  dot 

P  DOT 

Q  DOT 

R  DOT 

X 

-.4915-01 

-.3392-03 

-.1812-00 

-.2575*02 

.2754*01 

,6931*01 

V 

.1108-01 

.7717-04 

.4090-01 

-.1814*01 

-.2571*02 

,4876-00 

z 

,4638-02 

-.9223-03 

.2021-01 

,4649+01 

.1977*01 

-,1306*01 

L 

.2790*01 

-.1179-02 

.1037*02 

.2732+04 

-.1236*04 

-,7470*03 

M 

.1682*01 

.7964-02 

.6198*01 

.1273+04 

.3015*04 

-.3427*03 

N 

-.9203-00 

-.1246-02 

-.3416*01 

-.8972*03 

,3587*03 

.2500*03 

C(  1) 

C<  2) 

C(  3) 

C(  4) 

C<  5) 

X 

-.4970*05 

-.5490*04 

.2282*05 

-.1251*03 

-.1186*05 

Y 

-.2405*04 

.1203*05 

.5588*04 

.9090*04 

,3414-02 

Z 

-.1323*06 

.1126*04 

.3030*05 

.8397*01 

.3383*04 

L 

-.5487*05 

.6266*06 

.2574*06 

-.6380*05 

-.7360*04 

M 

,3046*06 

.2625*06 

-.6864*06  • 

-.7929*03 

,1661*05 

N 

-,5244*04 

-.1889*06 

-.2660*05 

-.2681+06 

-.7371*03 

THE  INERTIA  TENSOR 

,1444*05  .8157-07  .1092*05 
,8157-07  .5000*05  -.2505-07 
,1092*05  -.2505-07  ,5206*05 


TRIMMED  VELOCITIES  WITH  respect  to  overall  vehicle  reference  aXES- 


U 

V  W 

P 

Q 

R 

.9801*02 

.2328-09  .2639+02 

-.OOPP 

•  0000 

-.0000 

TRIMMED  ITERATION  COLUMN  VECTOR.  TE- 

• 

.1092*00 

.2615-02  .3553-02 

.6179-02 

-.2465-01 

,4073-03 

STABILITY  AXIS  SYSTEM  EULER  ANGLES-  THETA*  -.2877-00  PHI  .4246-03 
AIRCRAFT  INERTIAL  SPEED*  .1015+03 


149 


>**•«*»— •*" 


denominator  characteristic 

MOOTS 


REAL 

imaginary 

PART 

PART 

-.3726-01 

.0000 

9702*01 

.0000 

•♦2139*01 

♦  0000 

•♦3073*00 

.1027*01 

*.3073*00 

-.1027*01 

*, 2697-00 

.1960*00 

*,2697-00 

-.1*60*00 

.2494-00 

,0000 

•  0000 

,0000 

♦  0000 

,0000 

,0000 

,0000 

.0000 

.0000 

NUMERATORS 

CNOTI*  NUMIMaTOM  MOOTS  less  than  1.0E-7  TIMES  TMC 
LOOSEST  NUMEMATOM  MOOT  ARE  NOT  INCLUDED  IN  THE  SOOC  SAfN)» 


X(  1>-T0-C(  1)  NUMERATOR 
MOST  LOCUS  SAW  .1020*03 
IOOE  SAIN  ■  . 1067*04 

MOOTS 


MKAL 

PART 

-.3649-01 
*, 9727*01 
*, 6753-00 
• ,6733*00 
* ,3230*00 
*.3230*00 
* .2963-00 
.0000 
.0000 
.0000 


IMASINAMV 

PART 

.0000 

.0000 

.1263*01 

-.1263*01 

,1039*01 

-.1039*01 

.0000 

.0000 

.0000 

.0000 
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*r  • 


X(  2>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .5292*01 
BODE  GAIN  *  -.4169*03 

ROOTS 


REAL 

PART 

-.4203-01 

-.3679*02 

-.1234*01 

-.1234*01 

.6206-00 

-.1904-00 

-.1904-00 

.0000 

.0000 

.0000 


IMAGINARY 

PART 

.0000 

.0000 

.3119*01 

-.3119*01 

.0000 

,3705*00 

-.3*03-00 

.0000 

,0000 

.0000 


X<  3>-TO-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .2731*03 
BODE  GAIN  *  -.1069*04 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.3697-01 

.0000  ' 

-.9807*01 

.0000 

-.3002-00 

.1019*01 

-.3002-00 

-.1019*01 

.1221*01 

,0000 

-.2733-00 

,3470-00 

-.2733-00 

-.3470-00 

-.1022-07 

.0000 

.0000 

.0000 

.0000 

,0000 
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mm-** 


xc  4>-T0-C<  1)  NUMFRaTO*' 


ROOT  LOCUS  CAIN*  . 7252*0i 


BODE  GAIN  s  -.9691-07 
ROOTS 


REAL 

PART 

-.9223-01 
-.9673-01 
- . 8616-00 
-.8616-00 
-.7642-01 
-.7642-01 
.3717-00 
*0000 
.2075-06 
.2619-07 


IMAGINARY 
PART 
.0000 
.0000 
.2474-00 
-.2474-00 
.7620-00 
-.7620-00 
.0000 
.0000 
•  0000 
.0000 


X<  5J-T0-CC  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -. 6235*01 
BODE  GAIN  *  -.6839-03 

ROOTS 


REAL 

PART 

-.2836-03 

-.1029*02 

-.3121-00 

-.3121-00 

-.3691-00 

-.6011-01 

-.3676-01 

-.1613-06 

-.2*81-08 

.0000 


imaginary 

PART 
•  0000 
.0000 
.1028*01 
- .1028*01 
.0000 
.0000 
.0000 
.0000 
.0000 
.  0000 
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K<  #>-TO-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1616*01 
BODE  GAIN  *  "11612401 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.6022-01 

.0000 

-.7039-00 

.3189*01 

-.7039-00 

-.3189*01 

-.2533-00 

.3659-00 

-.2533-00 

-.3859-00 

•6776-00 

.0000 

.1560-00 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

X<  1I-TO-CC  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1547*02 
•ODE  GAIN  «  .2427*04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1241-06 

.0000 

-.4135-00 

.  .0000 

-.6881-01 

.0000 

-.2758-00 

.1030*01 

-.2758-00 

-.1030*01 

-.8347*01 

.0000 

-.1102*01 

.3649*01 

-.1102*01 

-.3649*01 

.0000 

.0000 

.0000 

,0000 

1M* 


15J 


X<  2>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2413*02 
BODE  GAIN  *  *27984-04 

ROOTS 


REAL 

PART 

-.1778*00 
-.1778*00 
8371^02 
2631401 
-.8081-00 
-••081*00 
•2043-00 
•  0000 
.0000 
•  0000 


imaginary 

PART 

.1543*00 

-.1543-00 

.ooco 

.0000 

.7148-00 

-.7148-00 

.0000 

.0000 

.0000 

.0000 


X<  3>-TO-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3144401 
•ODE  GAIN  *  -.1170404 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.1625-06 

.0000 

-.2287403 

•  0000 

-.5923401 

.0000 

-.2879-00 

.1036401 

-.2879-00 

-.1036*01 

-.1190400 

.2910-00 

-.1190400 

-.2910-00 

-.6020-01 

.0000 

.0000 

.0000 

.0000 

.0000 
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wrnvmm  mm"*''"*'** 


X<  4)-T0-C(  2)  hUMERATO^ 
HOOT  LOCUS  CAIN*  -.7327*0* 
BODE  G  A  J  \i  s  .163440? 


ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.9170-01 

.0000 

-.2581-00 

.2034-00 

-.2581-00 

-.2034-00 

.2451-00 

.0000 

-.2208*01 

.0000 

-.2620-00 

.1002*01 

-.2o?3-0O 

-.1002*01 

.1254-06 

.OOOG 

.3514-07 

.cuoo 

.0030 

.OOOC 

X<  5>-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  CAIN*  -.7720*01 
BODE  GAIN  *  .2416-01 

ROOTS 


REAL 

imaginary 

PART 

PART 

.5265-02 

.0000 

-.3542*01 

.0000 

-.2890-00 

.1027401 

-.2890-00 

-.1027*01 

-.6264-00 

.0000 

-.7829-01 

.0000 

-.4810-01 

.0000 

-.2235-07 

.0000 

.1118-07 

.0000 

.3000 

.cooo 
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! 


i 


tjU 


i 


■  ******* 


II  8)-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .2030+02 
BODE  GAIN  *  *5691+02 

ROOTS 


REAL 

PART 

-.2453-00 

-.2453-00 

.2569-00 

«,?441+0l 

-.6747-00 

-.6747-00 

.7508-00 

-,•382-08 

.0000 

.0000 


imaginary 

PART 

.1912-00 

-.1912-00 

.0000 

.0000 

•1036+01 

-.1036+01 

.0000 

,0000 

.0000 

.0000 


XI  U-TO-CI  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.4522+02 
•OOE  GAIN  ■  -.3905+04 

ROOTS 


REAL 
.  PART 
.3239-01 
.4065-00 
.9684+01 
.2648-00 
.2646-00 
.3133-00 
.3133-00 
.2523-06 
.5536-09 
.1224-0/ 


IMAGINARY 

PART 

.0000 

.0000 

.0000 

.3627+01 

-.3827+01 

.1015+01 

-.1015+01 

.0000 

.0000 

.0000 


15o 


wmlM*****  * 


X(  2>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  -, 1214*02 
BOOE  GAIN  •  .19444Q4 


ROOTS 


REAL 

imaginary 

PART 

PART 

-.1032400 

.0000 

-.6633+02 

.0000  .. 

-.2620-02 

.2729-00 

-.2820-02 

-.2729*00 

-.1997401 

i 1949+01 

-.1997401 

-.1949401 

.1010401 

,0000 

,0000 

,0000 

.0000 

,0000 

,0000 

,0000 

XI  3>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.6202402 
BODE  GAIN  •  .2291404 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.3382-01 

,0000 

,2178402 

.0000 

-.1169400 

,3043*00 

-.1169400 

-.3043-00 

-.1032402 

,0000 

-.3088-00 

.1017401 

-.3088-00 

-.1017*01 

- ,2568-06 

,0000 

.0000 

.0000 

.0000 

,0000 
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X<  4)-t:w  i  jj  numfr  AT  O'¬ 
ROOT  LOCUS  GAIN*  -.3138+02 
BODE  GAIN  =  .9180*01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.9188-01 

,0000 

-.3735-00 

.5279*01 

-.3735-00 

-.5279-01 

,2773-00 

.0000 

-.1083*00 

,1096*01 

-.1083+00 

-.1098*01 

-.1660*01 

.0000 

.6694-08 

,1166-06 

.6694-08 

- , 1166-06 

.1863-07 

tOOOO 

X(  5)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1369*02 
BODE  GAIN  *  .1317*01 

Roots 


REAL 

PART 

-.2096-02 
-.1079+02 
-.3120-00 
-.3120-00 
-.6195-00 
-.4948-01 
-. 30*8-01 

-.9872-07 

.oono 

-.2235-07 


IMAGINARY 
part 
.0000 
•  ouoo 
.1021*01 
-.1021+01 
.  GOOD 
.OUOO 
,0000 
.POO  c 
.oucn 
.  G  0  P  o 
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X(  6)-TC-C<  3)  NUMERATOK 
ROOT  LOCUS  GAIN*  . 7774*01 


BODF.  GAIN  *  .  3103*0? 


ROOTS 


REAL 

PART 

-.2236-00 

.2180-00 

-.1773-00 

-.1/73-00 

-.1613*01 

-.1613*01 

.1819*01 

,0000 

.0000 

,0000 


IMAGINARY 
PART 
.0000 
,0000 
.3910-00 
-.3910-00 
♦1873*01 
-.1873*01 
.0000 
•  0000 
.  .0000 
,0000 


4 

i 


X(  1)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .3106-00 


BODE  GAIN  *  -.1556*03 

ROOTS 


real 

IMAGINARY 

PART 

PART 

-.1153-07 

.0000 

-.8534*01 

.2767*01 

-.8534*01 

-.276/+01 

-.3078*01 

,0000 

-.4373-00 

•  .0(300 

.2302*01 

,0000 

-.513C-01 

.2183-00 

-.5130-01 

-,2183-CO 

.0000 

.ouoo 

.0000 

,0000 
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X<  2>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1876*02 
BODE  GAIN  *  • 8413+02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.7114-02 

.0000 

-.2794*02 

.0000 

-.9170*01 

.0000 

-.2153*01 

.0000 

-.2736-00 

,1965-00 

-.2736-00 

-.1965-00 

.2322-00 

,0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

X<  3>-TQ-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2722*01 
•ODE  GAIN  •  .4660*02 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.3439-08 

.0000 

.2272*03 

.  ,0000 

-.6157-01 

,3661-00 

-.6137-01 

-.3661-00 

-.8250-01 

,1636-00 

-.8250-01 

-.1636-00 

-.1737*02 

.0000 

-.3357*01 

.0000 

.0000 

,0000 

.0000 

,0000 
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mm 


X<  4)-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  .3024-00 
BODE  GAIN  *  -. 2331*01 

ROOTS 


REAL 
PART 
9500*01 
-.  340002 
-.2170*01 
-.7351-00 
-.2747-00 
-.2747-00 
.2405-00 
-.4657-09 
.0000 
.0000 


imaginary 

PART 

.0000 

.0000 

.0000 

.0000 

♦1991-00 

-.1991-00 

.0000 

.0000 

.0000 

.0000 


X<  5)-T0-C(  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.9065-02 
BOOE  GAIN  *  -.3346-02 

ROOTS 


REAL 

PART 

-.5535-00 

.6499*02 

.1107-01 

-.4705-01 

-.6631-01 

-.6031-01 

-.4252*01 

-.0999-00 

.1063-00 

.0000 


imaginary 

PART  • 
.0000 
.0000 
.0000 
.0000 
.2444-00 
-.2444-00 
.^000 
.0000 
.0000 
.0000 
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X<  * J-TO-CC  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  ,5007*01 
BODE  GAIN  *  - .7079*01 

ROOTS 


REAL 

PART 

-.2103-01 

••2103-01 

-.2741-00 

-.2741-OQ 

-.9238*01 

-.2132*01 

,2302-00 

.1348-08 

,0000 

,0080 


IMAGINARY 

PART 

,2407-00 

-.2607-00 

,1969-00 

-,1969-00 

,0000 

,0000 

.0000 

,0000 

.0000 

.0000 


X<  1 )-TO-C(  3)  NUMERATOR 

Hoot  locus  gain'  ,2443*02 

BODE  GAIN  •  .9703*02 

ROOTS 


REAL 

PART 

-.3009-06 

-.9715*01 

-.2649-00 

-.2649-00 

-.3128-01 

-.3084-00 

-.3084-00 

-.1701*01 

.0000 

.0000 


imaginary 

PART 

.0000 

,0000 

,2974-00 

-.2974-00 

.0000 

.1031+01 

-.1031*01 

,0000 

.0000 

.OUOP 


162 


X<  ?)-TO-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIK*  .I4t):.-Gl 
BODF  GAIIJ  *  -.5115*02 

ROOTS 


REAL 

PART 

-.5671-01 

-.5671-01 

-.2327-00 

- . 1129+34 

-.1547*01 

-.1547*01 

.1915*01 

.0000 

.ooco 

.0000 


IMAGINARY 
PART 
.1652-03 
-.1652-00 
<  OUOQ 
.0000 

.1667*01 

-.1667*01 

.0000 

.000') 

.noon 

.0000 


X<  3>-T0-C(  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.6975*01 
BODE  GAIN  *  -.5458*02 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.3245-01 

.0000 

-.8564*01 

.1656*01 

-.8564*01 

-.3656*01 

-.3083-00 

.1022*01 

-.3083-00 

-.1022*01 

-.1905-00 

. 1606-00 

-.1905-00 

-.1606-00 

-.16H9-06 

,  0000 

.1496-07 

.0000 

-.3725-06 

.3000 
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want****** 


X<  4)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  .8473-00 
0OQE  GAIN  *  -.2686-00 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.9215-01 

.0000 

-.3194-00 

.2083-00 

-.3194-00 

-.2083-00 

.2921-00 

.0000 

-  .149.3-00 

,1068+Ql 

-.1493-00 

-  ,1068+01 

- . 1744+01 

•  0000 

,8005-08 

.0000 

-.6713-07 

.3571-07 

-.6713-07 

-.3371-07 

X(  3)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3293-00 
•ODE  SAIN  *  -.3860-03 

HOOTS 


REAL 

imaginary 

PART 

PART 

-.4148-03 

.0000 

-.1094+02 

.0000 

-.3109-00  ' 

.1021+01 

-.3109-00 

-.1021+01 

-.4692-00 

.OUJQ 

-.3288-00 

.0000 

-.3680-01 

.0000 

.3356-09 

.0000 

.2679-07 

,3655-07 

.2679-07 

-.3655-07 
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*»*?***> 


X<  «>-TO-C<  9)  NUMERATOR 


ROOT  LOCUS  GAIN*  -*1013-00 
BODE  GAIN  *  -.9079-00 

ROOTS 


REAL 

PART 

•t3919"00 
••2091*00 
•. 2091-00 
,2091-00 
•2042+01 
*. 1203*01 
-.1203+01 
.0000 
.0000 
•  0000 


IMAGINARY 
PART 
.0000 
,3000*00 
*, 3000*00 
,0000 
,0000 
.1*02+01 
-.1*02+01 
,0000 
,0000 
,0000 
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LOCKHEED  AH56A  HELICOPTER  JUMP  10  1970  MOSTAB-B  DERIVATIVES 
CASE  22  SPEE0*169,0  FT/SEC,  H-D0T»-28,8  FT/SEC.  GAMMA*  -9.81DEG, 
GROSS  WEIGHT»13600.  SEA  LEVEL.  DYNAMIC  TIP  LOSS  (YES) 

stability  derivative  matrices- 


U 

V  W 

P 

0 

R 

x  - 

.4236*02 

.1285*01  -.3647*02 

-.3224*03 

•1190*04 

.1079*03 

Y  - 

.4353-00 

-.6710*02  -.5034*01 

-.8979*03 

-.6783*02 

.1414*04 

z  - 

,1013*03 

.2195*01  -.4280*03 

-.9431*03 

-.6613*03 

,6440*03 

L  - 

.4434*02 

-.9339*02  -.4814*02 

-•8129*03 

.6915*04 

,6343*04 

M  - 

,8798*02 

-.6778*01  -.1864*03 

-.4231*04 

-.9863*05 

,2048*04 

N  - 

,4110*02 

.7302*03  -.2376*03 

,1369*04 

,8030*04 

-.4021*03 

U  OOT 

V  OOT  W  DOT 

P  OOT 

0  DOT 

R  DOT 

X  - 

.2110-01 

-.3853-03  -.2483-00 

-.1929*02 

.1748*01 

.1600*01 

V 

.2227-02 

-.4448-03  .3222-01 

-.7042-00 

-.1630*02 

.3432-01 

z  - 

,4989-02 

-.3099-02  -.2713-01 

-.2503*01 

,5844*01 

.1937-00 

L 

,l3l3*0l 

-.2106-01  ,1847*02 

.3037*04 

-.1170*04 

-.2322*03 

M 

,8374-00 

.7252-02  .9823*01 

.1247*04 

.3059*04 

-.1043*03 

N  - 

.2441-00 

-.4044-03  -.2934*01 

-.4584*03 

.1204*03 

,4670*02 

C(  1) 

C(  2)  C<  3) 

Cl  4) 

C(  5) 

X  * 

,3424*03 

-.3967*04  .1974*03 

-.3372*03 

-.1631*03 

Y  - 

,3370*04 

.9066*04  .4311*04 

,1258*05 

.1404-01 

z  - 

,1675*06 

-.3991*03  .6727*03 

.1620*02 

.1318*04 

L  - 

,7266*05 

.6393*06  .2329*06 

-.2067*03 

-.1608*03 

M 

,3710*06 

.2484*06  -.7370*06 

-.1706*03 

.1902*05 

N  - 

,4763*03 

-.7417*03  .3608*03 

-.3820*06 

-.1908*03 

THE  INERTIA  TENSOR 

.1180*03  -. 

8421-06 

3399*04 

-,8421-06  , 

5000*05  . 

7933-07 

,3399*04 

7933-07  . 

3470*03 

trimmed 

VELOCITIES  WITH  RESPECT  TO  OVERALL  VEHICLE 

reference 

AXFS* 

U 

V  W 

P 

Q 

R 

,1684*03 

-.3725-08  ,1403*02 

-.0000 

.0000 

-.0000 

trimmed 

ITERATION 

COLUMN  VECTOR,  TE- 

,1073*00 

,5612-02  -.9721-03 

.1199-01 

-.5221-01 

-.5821-02 

STABILITY  axis  SYSTEM  EULER  ANCLES-  THETa*  -.1333-00  PHI  -.5867-02 
AIRCRAFT  INERTIAL  SPEEO*  ,1690*03 
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wmmmmmrn 


denominator  characteristic 
ROOTS 


REAL 

IMAGINARY 

PART 

Part 

-.2494-01 

.0000 

-.9564+01 

.0000 

-.4314-00 

,1492*01 

-.4314-00 

-.1492+01 

.7332-01 

.0000 

-.1502+01 

.5799-00 

-.1502+01 

-.5799-00 

-.1291-00 

.0000 

.0000 

.0000 

*0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

NUMERATORS 

(NOTE-  NUMERATOR  ROOTS  LESS  THAN  l.OE-7  TIMES  THE 
LARGEST  NUMERATOR  ROOT  ARE  NOT  INCLUDED  IN  THE  BODE  GAIN). 


X<  l)-TO-C(  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .7003+02 
BODE  GAIN  ■  .1394+05 

ROOTS 


REAL 

PART 

-.2176-01 

-.9566+01 

-.7348-00 

-.7348-00 

-.4348-00 

-.4348-00 

-.6990-00 

.1286-11 

.1166-06 

.0000 


IMAGINARY 
PART 
.0000 
•  oooo 

.2747+01 

-.2747+01 

.1483+01 

-.1483+01 

.0000 

,0000 

.0000 

,0000 
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✓ 


./ 


?>-Tf)-C<  1>  numfraTG* 
r00T  l.OCUS  GAIN*  .7/79+03 
BODF.  GAIN  =  -.3016+04 

ROOTS 


REAL 

PART 

-.9097-01 

.1742-01 

.1742-01 

-.1490+02 

.1680-00 

.1680-00 

.4974*01 

.5453-07 

.0000 

.0000 


IMAGINARY 

Part 

.0000 

.2117-00 

-.2117-00 

.0000 

.  4  J65  +  0?. 
-.4065+01 
.0000 
.noon 
.0000 
.0000 


X<  3)-To-C<  1)  NUMERATOR 
Root  locus  gain*  .3455+03 

BODE  GAIN  «  .2191-01 


ROOTS 


NOT  REPRODUCIBLE 


REAL 

PART 

-.5592-05 

-.9636+01 

-.2250-01 

-.8670-01 

-.867n-01 

.3940+01 

-.4292-00 

-.429?-oo 

.coon 

.corn 


IMAGINARV 

PART 
.0000 
.noon 
.0000 
.2647-00 
-.2647-Of 
.0000 
.  l4f.7+0i 
-.l4i'7+ni 

.noor 
•  ncop 
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J 


X<  4)-T0-C(  1)  NUMERATOR 
HOOT  LOCUS  r.MM 

sen*  r-A s  .1111-04 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2629-01 

.coon 

10*04-00 

.14454-01 

-.innn*nc 

-.14454-01 

.2610-00 

.coco 

-,9«S3-00 

.13014-01 

- .9903-00 

-.13014-01 

- . 22C3-0C 

•  coro 

.  ooco 

.coon 

-.2215-05 

.0000 

.6519-06 

.0000 

X(  5>-TO-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1161*02 
BODE  GAIN  *  ,2745-00 

ROOTS 


&l  AL 

IMAGINARY 

PART 

Part 

.6200-02 

.0000 

-.99504-01 

.0000 

-.4320-00 

.14B9*01 

- , 432r -or 

-.l«b94»C3 

-.10164-03 

.DOL'D 

-.6567-01 

,ncr  o 

-.3345-03 

.nrrc 

-.3129-06 

.peer 

.4191-07 

.r.OLc 

.OCMG 

•  rcrr. 

\\CA 
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^st- 


X<  6>-T0-C<  1)  NUMERATOR 
ROOT  LOCUS  GAIN*  .401H-C1 
BODE  GAIN  «  -.4679+02 

ROOTS 


REAL 

PART 

-.2234-00 

.1879-00 

-.1305-00 

-.1505-00 

-.1638+03 

.1928-00 

.1928-00 

-.9313-09 

.0000 

.0000 


IMAGINARY 

part 

.0000 

.noco 

.4475-00 

-.4475-00 

.0000 

.3271+01 

-.3271+01 

.0000 

.0000 

.0000 


XC  1)-T0-C(  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1117+02 
BODE  CAIN  ■  .7353+04 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.3228-07 

.0000 

- . 6259-00 

.0000 

-.3443-01 

.0000 

-.4095-00 

,1480+Oi 

-.4095-00 

-.1408+01 

-.9518+01 

.0000 

-.1437+01 

,4112+01 

-.1457+01 

-.4112+01 

.0000 

.0000 

.0000 

.0000 
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X<  2>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.1835+02 
BOOE  GAIN  •  ,2120+04 

ROOTS 


REAL 

imaginary 

PART 

PART 

•4965-01 

.0000 

-.1470-00 

.0000 

-.2472-00 

.0000 

-. 6174*02 

.0000 

-.3885+01 

.0000 

-.1213+01 

.1516+01 

-.1213+01 

-.1516+01 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

X(  3>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .1126+01 
BOOE  GAIN  •  •• 1757+04 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1060-05 

•  0000 

.9484+03 

.0000 

-.3262-01 

.0000 

-.6732-01 

.2008-00 

-.6732-01 

-.2008-00 

-.6586+01 

.0000 

-.4191-00 

.1495+01 

-.4191-00 

-.1495+01 

.0000 

.0000 

.0000 

.0000 
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X(  4)-to-C<  2)  numerator 
Root  LOCUS  gain*  -. 7501*02 
BODE  GAIN  ■  -.1349-04 

ROOTS 


REAL 

PART 

-.2328-01 
-.4278-00 
-.4278-00 
-.1523401 
-.1523401 
-.1202400 
.3913-01 
-.2381-03 
,2874-06 
- , 4637-08 


IMAGINARY 
Part 
.0000 
.14674.01 
-.1467401 
. 4733-00 
-.4733-00 
•  0000 
.0000 
.0000 
.0000 
•  0000 


X<  3>-TO-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.7299401 
BODE  GAIN  ■  -.2442-00 

ROOTS 


REAL 

PART 

-.9861-02 

-.9861-02 

-.3995401 

-.4223-00 

-,.4223-00 

-.9192-00 

-.7929-01 

-.2490-07- 

.2118-07 

.0000 


IMAGINARY 

part 
*  1879-01 
-.1879-01 
.0000 
.1491+01 
l49i+oi 
.0000 
.0000 
.0000 
.0000 
.0000 
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X<  6>-T0-C<  2)  NUMERATOR 
ROOT  LOCUS  GAIN*  .6910+01 
BODE  GAIN  *  . 4162*02 

ROOTS 


REAL 

imaginary 

PART 

PARf 

.5994-01 

.0000 

-.1198+00 

.0000 

-.0750-00 

.0000 

-.2851+01 

.0000 

-.9947-00 

.1763+01 

-.9947-00 

-.1763+01 

.1159+01 

.0000 

.1071-07 

.0000 

.oooo 

.0000 

.oooc 

.0000 

...... 

X<  1>-T0-C<  3)  NUMERATOR 

r  t  ^  ,  *■  » 

ROOT  LOCUS  GAIN*  -. 3943*02 
BODF  GAIN  *  -. 1647*05 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

-.2088-01 

,0000 

-.6537-00 

.OGOO 

-.4325-00 

•  1*82+01 

- .4325-00 

-.1482+01 

-.9569+01 

.0000 

-.4701-00 

,4328*01 

-.4701-00 

-.4323+01 

-.1495-06 

.nooo 

.ooco 

.0003 

.0000 

.0000 

SMJH 


M<  2>-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.9386*01 
BODE  CAIN  *  . 4410*04 

BOOTS 


REAL 

PART 

-.1064*00  f 
.6004-01 

•  6004-01 
-.3251*02 
-.2474*01 
-.2474*01 

.1942*01 

-.9313-09 

.0000 

•  0000 


imaginary 

PART 

.0000 

.1974-00 

-.1974-00 

.0000 

.4135*01 

-.4135*01 

.0000 

.0000 

.0000 

.0000 


X<  3)-T0-C(  3)  NUMERATOR 
BOOT  LOCUS  GAIN>  -.1385*03 
•ODE  GAIN  s  ,4350*04 
BOOTS 


REAL 

PART 

-.2171-01 

.1732*02 

-.6203701 

-.6203-01 

-.9946*01 

-.4297-00 

-.4297-00 

.0000 

.0000 

.0000 


IMAGINARY 

part 

.0000 

.0000 

.2138-00 

-.2138-00 

.0000 

.1466*01 

-.1486*01 

.0000 

..0000 

.0000 


17L 


\ 


KC  4>-T0-C<  >  ^JMERATOR 
ROOT  LOCUS  CAIN*  -.2961+02 
BODE  GAIN  *  -.4617-04 

ROOTS 


REAL 

PART 

-.2328-01 
-.2033-00 
-.2033-00 
.1534-00 
-.1256+01 
-.1236+01 
-.1033-00 
-♦ 4602*03 
-.3560-00 
.3723-00 


IMAGINARY 
PART 
.0000 
.1505*01 
-.1305+01 
.0000 
•1114+01 
-.1114+01 
•  0000 
.0000 
•  0000 
•  0000 


XI  5)-T0-C<  3)  NUMERATOR 
ROOT  LOCUS  GAIN*  , 1531+02 
BODE  GAIN  *  -.4250-00 


ROOTS 


REAL 
PART 
.7530-02 
-.1032+02 
-.4319-00 
-.4319-00 
-.9306-00 
-.6215-01 
-.3626-01 
,7916-00 
.7916-00 
.0000  . 


imaginary 

PART 
.0000 
.0000 
•1400+01 
-. 1400*01 
.0000 
.0000 
.0000 
.5703-07 
-.3703-07 
.0000 


t 
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XC  6J-T0-CC  3)  NUMERATOR 
ROOT  LOCUS  CAIN*  .1560+01 
BODE  CAIN  *  #7244+02 

ROOTS 


REAL 

imaginary 

PART 

PART 

.1360-00 

.0000 

-.1838-00 

.0000 

-.2032-00 

.5379-00 

-.2032-00 

-.5379-00 

-.1779+01 

.3736+01 

-.1779+01 

-.3736+01 

.4365+01 

,0000 

.0000 

.0000 

.0000 

,0000 

•  0000 

,0000 

XC  U-TO-CC  4>  NUMERATOR 
ROOT  LOCUS  CAIN*  .7483-00 
BODE  GAIN  *  -.3027+03 

HOOTS 


REAL 

IMAGINARY 

PART 

past 

-.2371-06 

,0000 

-.9543+01 

.0000 

-.6563-00 

.0000 

-.7273-01 

.1603-00 

-.7273-01 

-.1600-00 

-.3460+01 

,1419+01 

-.3460+01 

-.1419+01 

.2111+01 

,0000 

.0000 

.0000 

.0000 

.0000 
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X<  2>-T0-C<  4)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2596402 
BODE  CAIN  *  .1949+03 

ROOTS 


REAL 

IMAGINARY 

PART 

part  • 

-.9736-02 

.0000 

-.4585+02 

.0000 

-.9450+01 

.0000 

-.1505+01 

,5970-00 

-.1505+01 

-.5970-00 

-.1289-00 

,0000 

,7+37-01 

,0000 

.0000 

,0000 

.0000 

,0000 

.0000 

.0000 

X<  3)-T0-C<  4 >  NUMERATOR 
ROOT  LOCUS  GAIN*  -.2706-01 
BODE  GAIN  *  .6863+02 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.7366-01 

.7693-01 

-.7366-01 

-.7693-01 

.2085+03 

.0000 

,1388-00 

.3519-00 

.1388-00 

-.3519-00 

-.2567+02 

.0000 

-.4126+01 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.ocon 

.0000 
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X<  O-T0-C<  4)  NUMERATOR 
BOOT  LOCUS  GAIN*  -.7325-00 
BODE  GAIN  *  -.0197-00 

BOOTS 


REAL 

BART 

.4600-06 

.1216*02 

.7098-01 

.0000 

".2300*01 

-.1424*01 

-.1424*01 

-.1302-00 

-.2520-01 

,1956-07 


imaginary 
part 
.0000 
.0000 
.0000 
,0000 
.0000 
,6264-00 
- . 6264-00 
.0000 
,0000 
.0000 


X<  9>-T0-C<  4)  NUMERATOR 
BOOT  LOCUS  GAIN*  -.3147-01 
•ODE  GAIN  *  .3532-01 

BOOTS 


REAL 

PART 

-.1644-01 

-.1644-01 

.1949*02 

-.1799-00' 

-.1799-00 

-.4904*01 

-.5237-00 

.2401-07 

-.6462-06 

.3440-06 


IMAGINARY 

PART 

,6376-01 

-.6376-01 

,0000 

.2016-00 

-.2016-00 

.0000 

.0000 

.0000 

.0000 

.0000 


X<  6I-T0-CI  4)  NUMERATOR 
MOOT  LOCUS  CAIN*  .7044*01 
BODE  GAIN  *  -.6020*01 

ROOTS 


REAL 

IMAGINARY 

PART 

PART 

.7133-01 

.0000 

•♦1301-00 

.0000 

-.9418*01 

.0000 

-.1503*01 

,3971-00 

-.1305*01 

5971-00 

-.3938-01 

.2258-00 

-.3938-01 

-.2258-00 

.3093-10 

.0000 

.0000 

.0000 

.0000 

,0000 

X(  1 )-TO-C<  5>  NUMERATOR 
ROOT  LOCUS  GAIN*  .3400*02 
BODE  GAIN  *  .3724*03 

ROOTS 


REAL 

imaginary 

PART 

PART 

-.1819-01 

.0000 

- « 9365*01 

,0000 

-.4327-00 

,1494*01 

-.4327-00 

-,1494*01 

-.1402*01 

,8359-00 

-.1402*01 

-.8359-00 

-.1379-00 

,0000 

-.2615-11 

.0000 

.0000 

•  0000 

.0000 

,0000 
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tut******' 


X(  2)-TC-C<  5>  NUMERATOR 
ROOT  LOCUS  GAIN*  .9l0«-0? 
BOOE  GAIN  *  - , 1593+03 

ROOTS 


REAL 

PART 

’.1272-00 

.6051-02 

.6051-02 

.2202+04 

.3023+01 

.3023+01 

,6787-00 

.0000 

.0000 

.0000 


IMAGINARY 
PART 
.0000 
,2694-00 
-.2694-00 
.0000 
,29504.01 
,29564-01 
,0000 
•  0000 
,0000 
.0000 


Xt  3)-T0-C<  5>  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3140+01 
BODE  GAIN  *  -.98064-02 

ROOTS 


REAL 

PART 

1919-01 

2171+02 

1194+02 

4312-00 

4312-00 

2416-00 

1529-00 

ocno 

0000 

0000 


imaginary 

PART 

,0000 

,0000 

,0000 

.1486+01 

-.14064-01 

.0000 

,nooo 

,OCQC 

.0000 

,oooc 
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m 


X(  4)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  . 1943*01 
BODE  Gain  *  -.1641-04 

ROOTS 


REAL 

IMAGINARY 

PART 

part 

-.2532-01 

.0000 

-.3716-00 

.14754-01 

“ . 3716-00 

-.1475+01 

-.1367+01 

.8440-00 

- . 1387*01 

-.8440-00 

.1343-00 

.0000 

-.1309-00 

.0000 

.0000 

.0000 

.4392-04 

.0000 

- • 4373-00 

.0000 

X(  5>-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  GAIN*  -.3533-00 
BOOE  GAIN  *  .1600-01 

ROOTS 


REAL 

imaginary 

PART 

PART 

.6332-02 

.0000 

-.1161+02 

.0000 

-.4332-00 

,1487+01 

-.4332-00 

-.1467+01 

-.9466-00 

.0000 

-.1246+00 

.0000 

-.3089-01 

.0000 

.5539-07 

.0000 

-.1535-07 

.coco 

,0000 

,0000 

l8l 


***** 
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X(  6)-T0-C<  5)  NUMERATOR 
ROOT  LOCUS  CAIN-  -.1416-00 
BODE  CAIN  ■  -.2741401 

ROOTS 


REAL 

imaginary 

PART 

PART 

.8924-08 

.0000 

-.4440-00 

.6432-00 

•.4440-00 

-.6432-00 

-.1310-00 

.0000 

.1236+00 

.0000 

-.2042+01 

.2760401 

-.2042+01 

-.2760+01 

.2346+01 

.0000 

.0000 

.0000 

•  0000 

.0000 

m 
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VIII.  LOW-ALTITUDE  TU  REPRESENTATION 

INTRODUCTION  ~  - - 


This  Part  summarizes  some  of  the  recent  observations  of _ 

the  atmospheric  environment  pertinent  to  V/STQL  aircraft.  A  number 
of  formulas  for  wind- shear  and  turbulence  parameters  have  been 
gleaned  from  the  references  and  are  presented  here.  In  many  cases, 
however,  the  data  were  obtained  under  special  environmental  or 
climatic  conditions.  Estimating  the  influence  of  temperature, 
wind  speed  and  direction,  seasonal  and  geographic  variations, 
elevation,  stability,  etc.,  on  the  various  parameters  is  presently 
a  formidable  task.  A  massive  program  of  data  collection  and 
analyses  will  be  required  before  any  degree  of  confidence  can  be 
assigned  to  the  various  meteorological  descripters.  Wind  shears 
can  reverse  direction  (see  Reference  3)  -  a  phenomenon  which 
cannot  be  explained  by  present  theoretical  or  empirical  relation¬ 
ships.  Consequently,  in  using  the  relationships  herein,  one 
should  expect  results  that  are,  at  best,  qualitatively  significant. 

The  principal  conclusion  formed  after  surveying  the  data 
presented  here  is  that  satisfactory  data  are  conspicuous  by  their 
absence,  and  that  published  empirical  relationships  that  have  been 
used  to  fit  the  limited  available  data  are  in  forms  which  are  incon¬ 
venient  for  flight  control  system  analysis. 


WIND  PROFILES  NEAR  THE  GROUND 


~Huch  of  the  recent  progress  in  understanding  the  wind 
(and  temperature)  distribution  is  due  to  the  Monin- Obukhov 
similarity  theory  (Reference  1).  This  theory  states  that  there 
exists,  near  the  ground,  a  velocity  U*,  a  length  L,  and  a  tem¬ 
perature  T*  that  are  essentially  invariant  with  height.  When 
the  principal  variables  are  divided  by  these  quantities,  a  series 
of  nondimenaional  quantities  results  that  is  of  general  validity 
in  the  boundary  layer.  The  variables  are  defined  as  follows: 

a.  Friction  Velocity  U*  ■  J x/p  independent  of  Z 

b.  Scaling  Length  L  «  U*5  CppT/kgH,  k  «  .4 

c.  Scaling  Temperature  T*  «  -H/kU*  Cp  p 

From  this  theory  a  number  of  conclusions  are  reached  on  the  basis 
of  dimensional  analysis.  While  many  of  the  results  are  realistic, 
others  are  somewhat  misleading  or  incorrect. 

1.  Wiwihmr 

The  Richardson  number  represents  the  ratio  of  buoyant  farce 
to  the  shear  and,  as  such,  is  a  measure  of  the  local  stability  of 
the  atmosphere.  The  stability  regions,  in  turn,  have  a  significant 
effect  on  the  wind  profiles  and  statistical  properties.  The 
gradient  Richardson  number  R^,  which  is  easily  measured,  is  usually 

used  in  preference  to  the  traditional  Richardson  number  R^.  It  is 

defined  as 


where  r,  is  orthogonal  to  the  wind  direction  and  for  horizontal 

Winds  is  parallel  with  Z.  The  potential  temperature,  0,  is  defined 
by 


1  _  i&l  _  JL  142 

e  dZ  =  T  d Z  ”  c  p5Z 
P 

such  that  T/e  =  Const  (p)  ^cp.  Linearized  theory  states  that  the  air 
is  unstable  and  turbulent  if  R^  <  0,  stable  if  R^  and  possibly 
unstable  if  0  <  R^  <  ^. 

184 


For  V/STOL  approach  conditions,  the  Richardson  number  can 
be  assumed  negative  and  negligibly  small.  This  corresponds  to 
instability  with  strong  winds  overhead,  the  two  conditions  which 
produce  the  greatest  turbulence. 


2,  Velocity  Profiles  According  to  Panofsky 
For  Neutral  Air 

9V  U» 

az  *  k(z  +  z  ) 

v  o 


T«U  Z  +  Z 
u*  o 


Near  Neutral  Conditions: 
For  small  Z/L,  Z  >>  ZQ 


E 

1  i  +  s'  z/l' 


where 

L1  =  ~  L  p'  «  4.5 


Km  =  U*2/  ||  (Eddy  viscosity) 

^  =  -  H/C^p  ||  (Eddy  conductivity) 


Free  Convection: 


dV 

5z 


4 

5 


■ '  tfcM 
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Unstable  Air  (Neutral  Equilibrium  -  Free  Convection): 


where  y  is  determined  from  by  graphs  (Lumley  and  Panofsky,  page 

113). 

Stable  Air: 


v-r  tor  +  p' 7T  h  - : . 4-5<e'<7 

o  L  L  1  ■  P  1  L 

1  R  ~  .1 

The  wind  £roflle  may  be  complicated  above  Z/L 1  >  .3  (See  Reference 
1,  page  118) 

3.  fu  According  to  Skelton 

ftmofsky' s  formula. 


U  (Z) 


in  (Z/ZQ)  -  n 


is  valid  for  all  thermal  stability  conditions  for  the  first  few 
meters  of  the  atmosphere.  One  must  choose  a  reference  altitude 
Z.j ,  the  velocity  U  (Z1 ),  a  roughness  .length  Zq,  and  the  Richardson 

number  R^  at  that  altitude .  After  calculating  U*  and  L1  (via 

graphs),  they  cure  assumed  constant  with  altitude. 

For  neutral  air  -  the  condition  which  produces  the  greatest 
turbulence,  R^  ■  0,  and 

U  (Z)  In  (Z/Zo) 

The  roughness  length,  ZQ,  will  be  assumed  to  vary  from  .03 

to  5  meters.  The  probability  distribution  at  9*1  ni  altitude  with 
a  roughness  length  of  ,03  m  is  assumed  to  be  that  obtained  by 
drawing  a  straight  line  on  normal  probability  paper  between  4  m/s 
at  .5  likelihood  and  12 m/s  at  .01  likelihood  (Reference  5).  At 
any  other  altitude,  Z  <  100  m, 
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u  (z)  -  u  (9  1)  (pj) 

^Expansion  of  U  (Z)  -  ^  In  N) 


where  the  exponent  can  vary  between  .12  for  smooth  terrain  and  .38 
for  rough  terrain.  Hence  , 

Prob  |  U  (Z)  <  aj  -  Prob  j  U  (9-1 )  <  al^z)  J 

For  the  lowest  few  meters  of  the  atmosphere  where  the  above 
expansion  is  invalid,  p  -  1  /in  (Z/ZQ).  Obis  is  approximated  by 


P  (Z0)  -  .9/t1*  -  In  Z0) 


and  the  wind  profile  Is 


U  (Z) 


U(V  (z;) 


z  \  *  <V 


The  wind  probability  distribution  at  100  m  will  be  assumed  to  be 
the  same  everywhere.  If  we  take  the  mean  airspeed  at  9.1  meters 

to  be  U  >  4  m/sec  for  smooth  terrain,  the  mean  airspeed  at  1 00 
meters  is 

U  (100  m)  ■  x  4  -  5 .35  m/sec 

Assuming  that  the  100  meter  value  applies  for  both  smooth  and  rough 
terrain,  we  obtain  for  rough  terrain  at' 9*1  meters 


5  ■  M 


x  5*33  *  2.15  m/sec 


Below  9.1  meters, 


U(Z)  .  U (9.1)(^-) 


-  In  Z 


i, 


4.  Hfl&mrtfl  yfcrifttloai  frfrfftaa  Kuril  uA  Urtoa  ^rflii.— £qm 

The  principal  results  of  Reference  3  are: 

a.  The  mean  wind  speed  was  reduced  at  all  elevations  in 
the  city  by  the  increased  roughness. 

b.  At  neutral  stability  (R^  ~  0),  the  maximum  value  of  U* 
is  the  same  in  city  and  country. 

c.  The  city  influence  is  more  noticeable  for  stable  rural 
conditions;  U*  is  then  greater  in  the  city. 

d.  City  stability  is  always  less  than  rural  stability. 

e.  P.eynolds  stress  varies  significantly  with  height  in 
both  city  and  country. 

f.  All  o^/U*,  ov/U*,  and  o^/U*  measurements  are  comparable 
to  those  obtained  elsewhere. 

J.  flrmnwi+.a 

Test  data  (e.g.,  Bcwne)  show  considerable  scatter; 
consequently,  results  are  qualitative  at  best.  Slight  changes  in 
wind  direction  or  in  temperature  can  have  profound  effects  on 
measured  results.  For  example,  the  wind  shear  can  be  constant  with 
altitude .  At  higher  temperatures,  the  Bcwne  data  show  reversals 
or  highly  variable  wind  profiles. 

TURBULENT  FLUCTUATIONS 

The  relationship  between  the  longitudinal,  lateral,  and  vertical 
spectra  and  the  elevation,  stability,  and  ground  roughness  is  not 
accurately  known  at  present.  Available  data  is  limited  and  the 
similarity  theory  is  useful  in  only  a  limited  sense. 

1 .  Turbulence  Scales 

Horizontal  scales  increase  linearly  with  altitude.  No 
information  exists  on  the  effect  of  wind  speed  except  for  very  lew 
speeds  where  the  scale  is  unaffected.  Ratios  of  the  variances  are 
approximately 


',/•>/  ~  «-8/2.0/l  .5/1 .0 

These  values  are  chosen  by  Skelton  together  with  the  assumption  that 

2 

the  covariances  E(UV)  and  E(VW)  are  zero.  Since  U*  is  the  negative 
of  E(UW)  (see  Reference  2,  page  l6), the  correlation  matrix  can  be 
given  approximately  as 


- - - W  ^ 
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2.  YMdjasi  at  YuSlsil  MflffiUa: 

Fran  dimensional  analysis, 


A  k  V  h'fZ/L1  ) 

In  Z/Zq  -  *(Z/l' ) 


where  A  and  h1  are  to  be  determined,  preferably  from  data.  In 
neutrally  stable  air,  the  expression 


w 


irz/z  yieMs  A  «  1 .05 


( experiment ) 


In  unstable  air,  a 1  increases  slowly  with  increasing  height;  in 
stable  air,  it  decreases  upward. 

3.  Vwliggfl.gf  Lftter&i 

from  test  results, 

°v  ■  .03  V5/2  or  .07  V^/2  at  11  meters,  stable  air 

The  standard  deviation  increases  with  increasing  wind  speed  at 
constant  stability.  It  is  much  larger  in  unstable  Air.  Vertical 
variation  and  surface  roughness  are  of  little  influence.  Data  in 
unstable  air  show  enormous  variability. 

VftrtiBC?  gf 

The  properties  of  longitudinal  gustiness  are  indeterminate, 
in  general.  It  is  assumed  that 


where  C  is  independent  of  height  but  varies  with  terrain.  With 
the  approximation  C  ~  2.5, 

au  *  in^z'/z  (near  neutral  air) 


1$ 


5.  fgeotra 

Vertical  Velocity 

The  scale  increases  with  height,  but  the  spectrum  is 
independent  of  height  up  to  a  few  hundred  meters.  A  decrease  in 
staoility  and  Richardson  number  shifts  the  spectrum  to  lower  fre¬ 
quencies.  A  suggested  spectral  shape  is 


nS  (n) 
w'  ' 


8  t/f™ 


Lateral  Velocity 

The  spectrum  is  independent  of  height,  at  least  under 
neutral  and  unstable  conditions.  Increasing  instability  greatly 
increases  the  low-frequency  portion  of  the  spectrum,  but  has  no 
effect  on  the  high-frequency  portions .  The  high-frequency  portions 
are  sensitive  to  roughness  and  wind  speed.  A  number  of  spectra  are 
shown  for  varying  conditions  in  Reference  1 . 


Longitudinal  Velocity 

Low  frequencies  are  affected  by  stability  somewhat  imore 
than  high  frequencies;  the  low-frequency  portions  increase  with 
decreasing  stability.  The  scale  of  longitudinal  velocities  is 
not  proportional  to  height.  One  approximation  to  measured  spectra 
(at  10  meters  elevation)  is 
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A  number  of  spectral  plots  are  illustrated  on  pages  1 68  -  185 
of  Reference  1 .  Two  of  these  are  reproduced  below: 


Figure  1 .  Spectrum  of  Longitudinal  Velocity  at  91  m 
at  Brookhaven,  Divided  by  Square  of  Wind 
Speed  at  11  m.  (According  to  Fanofsky  and 
Deland,  1959) 


Figure  2.  Typical  Spectra  of  Lateral  Velocity  at 
O'Neill,  Divided  by  Square  of  Wind  Speed 
at  2  m.  Upper  curve,  daytime;  lower 
curve,  night  with  gradual  fluctuations 
of  wind  direction. 
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b.  Gaps  In  Knowlsdgs 

Gust  intensities  depend  on  thermal  stability,  roughness 
and  the  mean  wind.  Statistical  data  on  only  the  latter  are  avail¬ 
able. 


The  effects  of  altitude  on  probability  distributions  of 
mean  winds  and  wind  shears  are  not  known,  and  one  cannot  deduce 
gust  intensities  and  severity. 

The  form  of  spectra  (and  cospectra)  in  other  than  the  down¬ 
wind  direction  and  their  dependence  upon  stability,  wind  speed  and 
wind  shear  are  not  known. 

It  is  difficult  to  determine  the  validity  of  the  various 
models  for  high-wind- speed  and/or  high-turbulence-intensity 
conditions . 


7.  Measured  Variation*  Between  Rural  and  Urban  Areas  -  Bowne 

a.  The  average  turbulence  intensity  was  higher  in  the  city 
than  in  the  rural  area,  but  usually  decreased  more 
rapidly  with  height. 

b.  Slopes  for  the  high-frequency  portion  of  the  three 
component  spectra  were  very  close  to  the  theoretical 
-  5/3  prediction. 

c .  The  lateral  and  longitudinal  spectra,  V  and  U,  were  not 
too  different  in  the  two  regimes. 


CONCLUSIONS 


1.  The  available  data  are  limited  in  quality  and  are  presented 
in  forms  which  are  intended  for  ease  of  correlation  with 
various  meteorological  theories.  Unfortunately  these  forms 
are  inconvenient  for  aircraft  flight  control  analysis,  where 
one  would  prefer  power  spectra  expressed  as  factorable 
functions  of  the  frequency  variable,  plus  simple  wind-shear 
descriptions . 

2.  Extreme  variability  of  wind- shear  profiles  is  common,  and 
profile  reversals  should  be  included  in  test  conditions  for 
flight  control  design  criteria. 
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